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Executive Summary

Since 1948, the USDA-NRCS has constructed over 10,000 upstream flood control dams
in 2000 watersheds in 47 dates, over two-thirds of these dams have a design life of 50
years. Because of population growth, land use changes, and time, sediment pools are
filling, some gtructurd components have deteriorated, safety regulations are dricter, and
the hazard classfication has changed for some dams. Before any rehabilitation srategy
can be designed and implemented, the sediment impounded by these dams mugt be
asesed in terms of the dructure's efficiency to regulate floodwaters and the potentid
hazard the sediment may pose if reintroduced into the environment.  This report
represents the completion of a demondration project designed to evduate technologies,
methodologies, and protocols for the cost-effective characterization of this sediment.

Three field stes were chosen for this project. Sugar Creek #12 and Sugar Creek #14 are
located near Hinton, OK, and higtoric land use of cultivated fields of cotton and peanuts
a Sugar Creek #12 suggests that agrichemicals may be present in the lake sediments.
Sergeant Maor #4 is located near Cheyenne, OK, and it has become the sole water
supply for the town of Cheyenne. Thus, preserving water qudity isamgjor concern.

Seismic profiles were successfully obtained in each of the three reservoirs in Oklahoma
However, the very shalow water depths at Sugar Creek #12 and Sugar Creek #14 caused
unwanted noise in the sasmic dgnd, and the processed data are virtudly impossble to
interpret.  The sasmic profiles a& Sergeant Mgor #4 show a number of didtinct
interpreted seigmic reflectors in the subsurface, and sdect seismographs show some
correlation to the stratigraphic boundaries observed in the sediment cores.

Ten continuous, undisturbed cores of lake sediment were successfully obtained at Sugar
Creek #12. These cores are composed of sand, silt, and clay, but most of the deposited
sediment is sit and clay in nearly equa proportions. Four continuous, undisturbed cores
of lake sediment were successfully obtained at Sergeant Maor #4. These cores are
composed of poorly sorted gravel, sand, silt, and clay.

The andyss of sadiment qudity incuded 50 different pedticides, herbicides, PCBs,
heavy metas, dements, and other contaminants. A tota of 57 sediment samples obtained
from these reservoirs were andyzed. Reaults from testing these sediments show very
good overdl sediment quality. Resdua breskdown products of DDT and methyl
parathion are found in low concentrations in dl three reservoirs but such concentrations
pose no health concern.

By usng radioactive Cesum emisson as a dating technique, reatively high raes of
sedimentation are deduced a Sugar Creek #12, presumably related to a basin-wide
higoric converson of forested areas to cropland and knickpoint eroson and channd
degradetion above the reservoir.  The historic converson of cropland to native seed
grases within the watershed of Sergeant Mgor #4 has resulted in relaively low rates of
Sedimentation.
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1. Introduction

1.1 Federal Program for Flood Control

In response to devastating floods of the 1930's and 1940's, Congress enacted legidation
for the congruction of flood control dams on smdl tributary streams. The Food Control
Act of 1944 (PL-534) authorized 11 projects in the United States.  Since 1948, more than
3,400 flood control dams have been condtructed in the 320 subwatershed projects
covering more than 35 million acresin 12 states (Caldwell, 1999).

In 1954, Congress enacted the Watershed Protection and Flood Preventaion Act (PL-
566), commonly referred to as the Small Watershed Program (Caldwell, 1999). Since
that time, more than 6,300 flood control dams have been condructed in every date as
well as Puerto Rico and the Pacific Rim, covering over 109 million acres.

The Pilot Watershed Program provided the trangtion between PL-534 and PL-566
(Cadwdl, 1999). More than 400 flood control dams were constructed in 62 projects in
33 dates, covering dmost 3 million acres. In addition, the RC&D Program has provided
technicd and financid assistance to locd sponsors for the planning, desgning, and
congtruction of more than 200 flood control dams since the 1960's.

In totd, the U.S. Depatment of Agriculture, Naturad Resources Conservation Service
(USDA-NRCS) and its cooperators have congtructed over 10,450 flood control dams in
47 states. More than $8.5 hillion (1997 dollars) of federa funds and over $6.0 hillion of
locd funds have been invested in these projects snce 1948. This $14.5 hillion
infrestructure provides over $1 billion in benefits annudly.

The primary purposes for these sructures were to prevent flooding and to protect
watersheds.  Other dams were built or have evolved into dSructures for water
management, municipad and industria water supply, recregtion, and the improvement of
fish and wildlife, water quality, ad water conservation. Loca sponsors were to provide
leadership in the program and secure land rights and easements for condruction. The
USDA-NRCS was to provide technical assstance and cost-sharing for the congruction of
these dams.

Flood control dams typicaly consst of an earthen embankment 6 to 20-m high with a
principd spillway made of concrete pipe 0.3 to 1.8-m wide (Cadwell, 1999). Because
the dams were built on smal sreams in the upper reaches of watersheds, upstream
drainage areas range from 1.6 to 16 kn?. The mgority of these dams were planned and
designed for a 50-year sarvice life. The inlet pipe of the principd spillway is placed a an
elevation that would provide water retention for the desgn sorm and dorage for
sediment accumulation.  Each resarvoir dso has an emergency or auxiliay spillway for
safe conveyance of water around the embankment when runoff rates exceed Storage

capacity.
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1.2 Current Status of Small Watershed Program

At present, more than haf of the dams congtructed are older than 34 years and more than
1,800 will reach their 50-year design life within the next 10 years (Cddwel, 2000). A
rgpid survey conducted in April 1999 revedled more than 2,200 dams in need of
immediate rehabilitation a an edimaed cost of more than $540 million. The primary
issues of dam rehabilitetion are replacement of deteriorating components, change in
hazard classfication, reservoir sedimentation, fallure to mest dam safety regulaions,
falure to meet resource needs of the watershed, inadequate land and water rights,
inadequate community benefits, and the potentid transfer of responghbility.  Common
gpproaches to address rehabilitation typicaly involve dredging the reservoir to remove
accumulated sediment, rasng the dam to increase dtorage capacity, and removing or
decommissioning the dam.

Rehabilitation of aging watershed flood control dams is critical to Oklahoma. Since 1948
more than 2,100 watershed flood control dams have been condructed including 1,140 in
the Washita River Basin, which was one of the origind 11 watershed projects authorized
by PL-534. Many of these dams are in critical need of rehabilitation (Cadwel, 2000).

1.3 Problem Statement

Before any rehabilitation drategy can be desgned and implemented, the sediment
impounded by these dams must be assessed in terms of the dructure's efficiency to
regulate floodwaters and the potentid hazard the sediment may pose if reintroduced into
the environment.

In response to a verba requests by Larry Caddwell, Sate Conservation Engineer, USDA-
NRCS, OK, and Glen Miller, Geologis, USDA-NRCS, the USDA-ARS Nationd
Sedimentation Laboratory and its partners a the Universty of Missssppi established a
task force in September 1998 to address the immediate research needs of the USDA-
NRCS. Members of this task force met with USDA-NRCS representatives in November
1998 and visited two reservoirs. Sugar Creek #12 near Hinton, OK, and Sergeant Mgor
#4 near Cheyenne, OK. These two dtes are of interest to the NRCS because (1)
excessve sedimentation has occurred a Sugar Creek #12 and higtoric land use of
cultivated fields of cotton and peanuts suggests that agrichemicas may be present in the
lake sediments, and (2) the reservoir at Sergeant Mgor #4 has become the sole municipd
source of water for neighboring communities, and water quaity isamaor concern.

For a given lake within an embankment flood control Sructure, the USDA-NRCS needs
to determine (1) the volume of sediment deposited, (2) the rates of sedimentation, (3) the
quaity of sediment with respect to agrichemicals (related to agricultural practices) and
petrochemicas (related to hydrocarbon extraction, drilling, and well development), and
(4) the spatid didribution of the sediment qudity. To this end, a demongtration project
was dedgned to evduae technologies, methodologies, and protocols for the codt-
effective characterization of sediment.
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1.4 Statement of Work

Three fiddd Stes were sdected for this demonstration project. These are Sugar Creek
#12, Sugar Creek #14 (also located near Hinton, OK), and Sergeant Mgor #4. The work
as described below represents the recommendations of the task force and subsequent
discussons with the USDA-NRCS, and the project was to be completed in two phases.
Phase | entaled saismic surveying and sediment quality andyss of sdect samples a Al
three locations. Phase Il entailed vibracoring and detailed sediment andysis based on
resultsfrom Phase . Thisreport represents the completion of both Phase | and Phase 1.

Below is a description of the techniques to be used in the demongration project, and the
products to be delivered.

1. Sdgnic Surveying: High-resolution seismic technology relies on the detection of
reflected saismic waves from subsurface horizons A horizon might indude any
sediment deposit that digplays variaions in compodtion (such as mineraogy), texture
(such as sediment grain Size or porosity), or structure (such as bedding planes). These
variaions can occur both with depth and spatidly. All geophysca equipment will be
mounted to a boat, and seismic profiles will be recorded adong sdected lines at boat
gpeeds of severa knots in water as shdlow as 0.6 m deep. Upon completion of these
soundings, the digitaly recorded seismic lines will be post-processed, and reflected
horizons identified and verified.

2. Vibracoring of Sediment: Undisturbed sediment cores will be extracted in water
depths from 0.6 to 15 m using a vibracorer. An duminum irrigetion pipe, ether 3 or 4
inches in diameter, will be connected to a high frequency vibration unit via a core
driver and flange. The corer will be suspended from a tripod on a pontoon boat, and
gabilizing buoys will ensure the core remains in a verticd pogtion as it descends into
the water. A check-vave within the core tube flange creates the suction necessary to
retain the sediment during extraction. Once extracted, each core will be cut open,
photographed, and logged, and samples of the sediment will be secured.

3. Sadiment Andyss:  Fird, the sediment in the cores will be subsampled a 0.1-m
intervals and a the bounds of diginct horizons.  Depending on the physcd
characteristics of the cores, these samples will be further anadyzed for color, grain
gze didribution, and magnetic susceptibility.  Magnetic  susceptibility provides a
gratigraphic sgnature that is related to the type and amount of ironbearing mineras
present and can be used for dratigraphic corrdation.  Second, based on the
information provided by the USDA-NRCS on land use within each watershed, the
following suites of chemica andyses are recommended, and these are grouped in
Table 1. Each sample is depthrintegrated except for Group 6. The sediment quality
andyses recommended for Phase | and Phase |l of the project are listed in Table 1-2.
The number of samples and the types of compounds to be andyzed in Phase |1 will
depend heavily on the results of Phase | as well as the didribution, stratigraphy, and
thickness of sediment, and the results of a land use inventory for the watershed (to be
provided to the USDA-ARS by the USDA-NRCS). The Appendix provides some
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background

examined heran.

information on toxicity levels for the chemicds and compounds

Table1-1. List of chemical groupings.

Group Title Hements'Compounds
Q U.S. Environmentd Pedticides: Aldrin, BHC-apha, BHC-beta, BHC-
Protection Agency delta, BHC-gamma, Chlordane, Toxaphene, DDD
Priority Pollutant 4.4, DDE 4,4, DDT 4,4, Diddrin, Endrin, Endrin
Pesticide/PCB of adehyde, Endosulfan I, Endosulfan 11, Endosulfan
potentialy dangerous sulfate, Heptachlor, Heptachlor epoxide
compounds
PCBs: Aroclor 1016, Aroclor 1221, Aroclor 1232,
Aroclor 1242, Aroclor 1248, Aroclor 1254, and
Aroclor 1260
2 U.S. Environmentd pH, Electrica Conductivity, Sodium Absorption
Protection Agency Oil Ratio, Cation Exchange Capacity, Exchangesble
Fidd Contaminants Sodium Percentage, Sodium, Potassium, Calcium,
Magnesum, Oil & Grease, Arsenic, Barium,
Cadmium, Chromium, Lead, Mercury, Sdenium,
Silver, Zinc
3 Herbicides and Command and Cotoran, Methyl Parathion, Lasso,
Insecticides Danitol and Thimet, Prowl, Dud, Karate, Lorsban
4 Rangdand Nitrates, DDT, and metabolites (breakdown
products from compounds such as DDT)
(5) Sedimentation Rates Cesum a 10 cm sampling; analyzing for Cesum

may date specific horizons, hence sedimentation
rates, based on known occurrences of nuclear
testing (U.S,, Russia, and China) and nuclear
accidents (Chernobyl)
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Table 1-2. Recommended sediment quality analysisfor each field sitefor Phase |
and Phase 11 of the demonstration project.

Ste Treatment Phase  Groups
Sugar Creek #12 Cotton and peanuts I 1&2
[l 3&5
Sugar Creek #14 Cotton and peanuts (minor amount) I 1&2
Sergeant Mgjor #4  Rangdand (with no herbicide application) and I 1&2
oil production ] 48& 5

1.5 Global Positioning Systems

In order to congtruct maps depicting dl activities, two globa postioning sysems (GPS)
were employed. A commercidly-available, hand-held globa postioning recelver was
used to demarcate the outline of the reservair, the locetion of the embankment, the dam
marker, the principa spillway drain, and any other pertinent geographic indicators. Data
were collected by (1) setting the receiver to record pogtions a one-second intervals, (2)
waking the desred geographic feature, and (3) logging the data to a file  Once
completed, the operator would cease recording data.  Files for each geographic feature
were temporarily stored in the recaiver and later downloaded to a personal computer. Al
postioning data were differentidly corrected (DGPS) usng base ddion daa from Vidi,
OK and Purcdl, OK usng commercidly-avalable software. These base dations are part
of the Nationd Continuoudy Opedaing Reference Station network operated by the
Nationd Geodetic Survey, a divison of the Nationd Oceanic and Atmospheric
Adminigration, and the corrections can be accessed through the following web-Ste
www.ngsnoaa.gov/Cors.  Under optimum conditions, sub-meter accuracy of DGPS is

possible.

A second hand-held globd postioning receiver was used to demarcate the location of the
sagmic lines on the lake. These data were collected with a military-grade receiver that
was placed on the vessd and exported time, latitude, and longitude to a dedicated laptop
computer and to the DAT tape recorder used in the seismic surveys (see below). These
data required no differentid corrections, were accurate to less than 4 meters, and were
converted into Universal Transverse Mercator (UTM) coordinates for consstency with
the commercia recever.
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2. Field Sites

2.1 Sugar Creek #12

Sugar Creek #12 is located near Hinton, OK, and it is a rdatively small lake (19 acres)
with a mud bottom and fairly shalow water depths (0.6 to 2 m; Figures 21, 2-2, and 2
3). Dam congruction was completed on April 6, 1964. This dructure has an upstream
drainage area of 2,016 acres. The man stream supplying the lake is consdered ungtable
due to the presence of actively migrating knickpoints, and excessve sedimentation rates
have significantly decreased storage capacity. No boat ramp is available, and access for
amdl vesdsis difficult but tolerable.

Higtoric land use data for the environs of Sugar Creek #12 are not very extensve. Inthe
mid-1960's near the time of dam congruction, the watershed was primarily covered with
trees and pasturdand (Table 2-1; Figure 2-4; data provided by the USDA-ARS fidd
office in Hinton, OK). Between the mid-1960's and the mid-1980's, apparently al
forested areas were converted to cropland that included peanuts, cotton, and smdl grains.
Since the mid-1980's, approximately 40% of the cultivated land has been converted to
pasturdland with no change in the amount of grasdand and tree-lined drains.  Cultivated
fidds of cotton and peanuts suggests tha agrichemicds may be present in the lake
sediments.

Table 2-1. Changesin land use within the water shed of Sugar Creek #12
(per centages based on 2,016 acres; values are estimates). Information provided by
the USDA-NRCSfield officein Hinton, OK.

Time Interva
Land Use md-1960's  mid-1980's Present
Trees 55 0 0
Improved Pesturdland: Bermuda, Plains 10 27 50
Bluestem, and Lovegrass
Cropland: Peanuts, Cotton, and Smdll 25 65 41
grans
Native Grasses and Tree-Lined Drains 10 8 9
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Figure 2-1. Photograph of Sugar Creek #12 looking directly south showing earthen
embankment on left, spillway channd in far distance, and reservoir (November
1999).

L
P ers 1
3 e

Figure 2-2. Photograph of Sugar Creek #12 looking toward the southwest showing
thereservoir and the main tributary on right (November 1999).
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Figure 2-3. Base map of Sugar Creek #12 constructed from a hand-held global
positioning system receiver with differential corrections applied. Shown arethe
outline of the lake, the centerline of the earthen embankment, the primary spillway
drain, and the cement dam marker. All positionsarein UTM coor dinates.
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Figure 2-4. Temporal variation in theland use within the water shed of Sugar Creek
#12.

2.2 Sugar Creek #14

Sugar Creek #14 is dso located near Hinton, OK, and it is a rdatively smdl lake with a
mud bottom and fairly shdlow water depths (about 1 to 3 m; Figures 25, 2-6, and 27).
Dam congruction was completed in 1962. This structure has an upstream drainage area
of 1,252 acres and a lake surface area of 18 acres. Higoric land use does include
cultivation of cotton and peanuts, but this is smal component of the watershed.
Prdiminary surveys indicate that sedimentation rates here were not as high as they were
at Sugar Creek #12. A smple boat ramp enabled easy access to the Site.
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Figure 2-5. Photograph of Sugar Creek #14 looking northeast from the

embankment showing reservoir, primary spillway drain on left, and main tributary
sourcein far distance (November 1999).

Figure 2-6. Photograph of Sugar Creek #14 looking directly west showing reservoir,
earthen embankment of left, and primary spillway drain in far distance (November
1999).
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Figure 2-7. Base map of Sugar Creek #14 constructed from a hand-held global
positioning system receiver with differential corrections applied. Shown arethe
outline of the lake, the centerline of the earthen embankment, the primary spillway
drain, and the cement dam marker. All positionsarein UTM coor dinates.
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2.3 Sergeant Major #4

Sergeant Mgjor #4 is located near Cheyenne, OK and was condtructed in 1955. It is a
moderately szed structure, with a lake surface area of about 35 acres (Figures 28, 29,
and 210), and has an upstream drainage area of 3,735 acres. This Ste was chosen for
investigation because it has become the sole municipd source of water for the town of
Cheyenne and preserving water quality is a mgor concern. At least three surface water
sources as well as some underground springs feed the lake. Water depth ranges from 2 to
10 m, and near-verticd banks of terigenous sliclastic rocks characterize the lake
boundary. Some exposed <At deposits (primarily gypsum) aso occur within the
watershed. Accessto the stefor smal vessasis good.

In 1940, land use within the watershed of Sergeant Mgor #4 was predominantly native
rangeland and cropland, which included cotton and row crops with a rotation of smadl
grans (Table 2-2; Figure 2-11; data from the USDA-NRCS fidd office in Cheyenne,
OK). In 1960, the amount of cropland decreased by nearly 50% and these areas were
replaced with seeded native grass mix. The acreage of native rangdand remained
unchanged. By 1980, the amount of aopland decreased by nearly 30%, replaced almost
entirely by seeded native mix. By 2000, the amount of cropland decressed by nearly
65%, seeded native mix increased by 32%, and the amount of pasturdland increased by
265%. The amount of native rangeland remained the same. In summary, the watershed
of Sergeant Mgor #4 has evolved from a rangeland and cultivated watershed to a
predominantly rangeland and grasdand watershed with minor amounts of cropland and
pastureland.

Table 2-2. Changesin land usewithin the water shed of Sergeant Major #4
(percentages based on 3,735 acres). Information provided by the USDA-NRCSfield
officein Cheyenne, OK.

Y ear

Land Use 1940 (%) 1960 (%) 1980 (%) 2000 (%)
Cropland 42.9 24.2 17.6 6.3
Pasturel and 0 0 17 6.2
Seeded Native Mix 0 17.9 23.1 30.5
Native Rangdand 54.7 54.7 55.2 53.8
Roads 1.9 1.9 19 1.9
Oil/Gas Sites 0 0 0 0.4
Homesteads and 0.4 0.4 0.4 0.9
Farmsteads

Hood Control Dams 0 0.9 0.9 0.9
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Figure 2-8. Photograph of Sergeant Major #4 looking almost directly south from

the embankment showing reservoir, primary spillway drain in foreground, and the
vessel used during seismic surveying in the distance (November 1999).

Figure 2-9. Photograph of Sergeant Major #4 looking southeast from accessroad
showing the reservoir and the vessel used during seismic surveying in the distance
(November 1999).

25



>

3935200

3935100

Outline of Lake
3935000

3934900

3934800

Northing (m)

3934700 u

3934600 u

3934500

Sergeant Major #4, Cheyenne, OK

| | | | | | | |
433800 433900 434000 434100 434200 434300 434400 434500

Easting (m)
| ]
Ometers 200 meters 400 meters

Figure 2-10. Base map of Sergeant Major #4 constructed from a hand-held global
positioning system receiver with differential corrections applied. Shown arethe
outline of the lake, the centerline of the earthen embankment, the primary spillway
drain, and the fenceline near the embankment. All postionsarein UTM

coor dinates.
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Figure2-11. Temporal variation in the land use within the water shed of Sergeant
Major #4.

[T

The USDA-NRCS, Stllwater, OK provided the following informaion on the water
qudity of Sergeant Mgor #4. The town of Cheyenne monitors the levels of dkdinity,
pH, hardness, and turbidity in the raw water. According to the water trestment plant
operator, dkdinity is high, usudly between 260 to 340 mg/l, pH generdly ranges from
7.7 to 8.2, hardness usudly ranges from 153 to 205 mg/l, and turbidity ranges from 2.0 to
20.0 NTU after a hard rain. Water samples obtained on October 7, 1998 showed key
organic and inorganic indictors were in compliance with the Oklahoma Water Quality
Standards for dl classes of livestock and poultry and the water was deemed suitable for
irrigetion.  The totd dissolved solids measured (409 mg/l) were below the recommended
limit for drinking water (500 mg/l).
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3. Seismic Surveying

During the period from November 4 to November 6, 1999, each lake was surveyed using
high-resolution geophysca equipment. The details of the equipment used, sasmic lines
run, and examples of the processed data are described below.

3.1 Seismic Equipment Used

The physca characterigtics of the lakes and sediments necesstated the use of
geophysica techniques that could be employed in shadlow water (as little as 0.6 m) with
thin sediment (no greater than 5 m). Most geophysicd equipment commonly used cannot
be gpplied in shdlow water environments. IKB Technologies, LTD., Bedford, Nova
Scotia, Canada, owned and operated by Dr. Peter Simpkin, has developed a seismic
profiler for use in such environments.

The IKB-SEISTEC™ profiling system comprises a catamaran, boomer, source receiver,
and sgnd processor (Smpkin and Davis, 1993). The catamaran is 2.6-m long, 0.8-m
wide, and its drained weight is gpproximately 100 kg (Figures 3-1 and 3-2). In this
configuration, a boomer sound source is mounted directly in front of the hydrophone
faring. The catamaran can be operated at 0 to 4 knots, and cable distance from the vessd
to the catamaran was approximady 7 m.

The seigmic source incorporated into the caamaran is a rdiable, wide-band
electrodynamic boomer that produces a dngle podtive pressure pulse with very high
repeatability (Simpkin and Davis, 1993; see dso www.sastec.com). The energy
expended by the boomer ranges from 100 to 300 Joules per shot with the mgority of the
energy concentrated within a +30° cone. The pulse width is 100 to 180 mm. The boomer
has a circular footprint, a diameter of 0.46 m, an overdl thickness of 0.05 m, and it
weighs 15 kg. For the present gpplication, the frequency of the boomer’s pulse was et at
four pulses per second.

The fairing houses the saismic receiver or hydrophone. The seismic recelver is based on
the line-in-cone concept where the cone has an aperture of 0.61 m, a circular array of
seven dement acceeration cancding stick hydrophones, and a variable gain preamplifier
(Smpkin and Davis, 1993; see dso www.saistec.com). It has a near-fidd distance of less
than 1 m, it is fully enclosed, and it is placed as close as physicdly possble to the source
(about 0.7 m).

An SPA-3 andog sgnd conditioner and processor were used, which are suitable for a
wide range of dngle channd saamic profiling sysems.  This processor provides input
ggnd level matching, separate high and low pass filters, and raw and conditioned sgnd
outputs. During operation, the processor was connected to (1) an oscilloscope to monitor
and optimize the incoming sasmic dgnd, (2) a gray-scde line recorder for red-time
display of the seismic profile, and (3) aDAT tape recorder for data storage (Figure 3-3).
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All equipment was placed onto a 16-ft duminum boat (Figure 34). This induded sgnd
processor, oscilloscope, gray scale recorder, DAT tape recorder, and boomer power unit.
In addition, a laptop computer was used to log postioning data from a military-grade
GPS receiver. A 5.8 kW generator supplied 220 V power to the boomer, and a 2.8 kW
generator supplied a clean power source to al other eectronic equipment. Three people
typicaly were on the vessH: one to operate the boat and to monitor the postion of the
catamaran, one to operate the podtioning sysem, and one to operate the seismic
equipment.

Figure 3-1. Photograph of the catamaran. The black PVC pipes provided
floatation, the aluminum frame isresting on the wooden box the catamaran was
shipped in, and the front of the catamaran ison theright (November 1999).
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Figure 3-2. Photograph of the catamaran being towed by the vessal. The catamaran
isabout 7 metersfrom thevessa, and it ismoving toward the left (taken at Sugar
Creek #12, November 1999).

e

Figure 3-3. Photograph of the oscilloscope on left and gray-scale printer
(foreground on right), DAT taperecorder (background top), and signal processor
(background bottom; November 1999).
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Figure 3-4. Photograph of general operating procedure for the seismic surveying
and the number of personnel required (taken at Sugar Creek #14, November 1999).

3.2 Post-processing of Seismic Data

Geophysicigts from the Mississppi Minerd Resources Inditute, located at the University
of Missssppi, conducted the post-processing of the seismic data.  All data recorded to
tape were played back in real-time and digitaly recorded to a personad computer. During
digitization, individud seismic lines were corrdlated to the GPS data s0 that dl saismic
data could be resolved in both time and space.

Once dl data were digitized, specific segments of the seismic lines were identified for
further processng. Post-processing entalled three steps.  Firdt, dl data were digitaly
filtered in order to remove any low frequency oscillation in the sasmic sgnd, and this
process is cdled derending. Second, dl data were digitaly processed in order to
enhance the low-amplitude (low-magnitude) seismic data a depth, and this numerica
technique is cdled sphericd divergence. Third, dl data were digitaly filtered in order to
reduce the number of reverberations (echos or multiples) or digortions in the seismic
sgnd, and this process is cdled predictive deconvolution. These three steps employed
both user-defined and commercidly-available software packages.

After each seilsmic segment was detrended and both spherical divergence and predictive
deconvolution were agpplied, the seismic lines were printed. The operator gill can dter
the magnitude or the gan of the sdsmic dgnd, therdby enhancing or suppressing
reflectors prior to printing. In generd, two copies of each line were generated, a low and
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high gain, and this endbled the identification of specific saiamic reflectors.  For darity,
only the low-gain seismograms are presented herein.

In addition, al ssismograms were printed as a function of time. For the verticd scae,
time in millissconds can be converted to digance by assuming a veocity for the
propagation of seismic waves through the water and the saturated, unconsolidated
sediments and then back to the receiver. Herein this velocity is assumed to be 1500 my/s.
Please note that this vaue depends greatly on water sdinity and temperature, and the
materid’s grain dze, compogtion, degree of consolidation or lithification, and the
presence of gas. For the horizonta scae, the GPS data were used to cdculate the total
digance of each line, assuming that the boat was moving a a condant velocity between
measured points.

3.3 Reaults

3.3.1 Seismograms for Sugar Creek #12

Figure 3-5 shows the seismic lines obtained for Sugar Creek #12 and the location of the
three segments chosen for presentation here.  Figures 3-6, 3-7, and 3-8 show the
saismograms for sections A-A’, B-B’, and C-C', respectively.

At the time these seilsmic data were collected, water depth was quite low, no greater than
1 m. This caused the seismic source (boomer) and receiver to be in very close proximity
to the sediment bottom. In fact, the catamaran frequently ran aground. Thus the ared
coverage within the lake was redtricted to water depths of at least 0.6 m. Moreover, this
close proximity caused a great ded of reverberation and digtortion of the seismic sgnd
and many multiple reflectors from the same source were recorded. The numericd
agorithms presented above were unable to filter the seismic sgnas completely.

In generd, the following observations can be made. The sediment near the water-
sediment interface is quite soft, and it is represented by weak or low-amplitude reflectors
(Figure 36, 37, and 38). The thickness of this reflector is about 0.15 to 0.2 m and it
does not vary in thickness across the basin.  However, this reflector does appear to
thicken towards the southern part of the lake (towards B’; see Figure 37). At a depth of
goproximately 0.4 m, a very drong seismic reflector is observed, and this reflector is
ubiquitous in dl the saismic records. This strong seismic reflector caused most of the
seiamic reverberations due to its srong seismic properties and its close proximity to the
water surface and seismic receiver.  Again, this seismic reflector is observed basin wide,
and may represent a change in sediment composition such as a sand or grave layer, a
change in sediment dendty such as vaiation in minerdogy or relaive compaction, have a
biological origin, or represent some kind of hard-pan. Because this reflector has such
drong seismic characteridics, it is virtudly impossble to observe and verify any deep
horizons.
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Figure 3-5. Base map of Sugar Creek #12 showing tracesfor all seismiclines. Three
segments, labeled A-A’, B-B’, and C-C’, arediscussed in text. All positionsarein
UTM coordinates.
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Figure 3-6. Seismogram of section A-A’ from Sugar Creek #12 (next page; refer to
Figure 3-5). Dashed lineislocation of boomer (approximately 0.5 m below the
water surface), thefirst solid linerepresents the water-sediment interface, and the
solid lines at depth areinterpreted seismic reflectorsidentified but not verified.
Depth and length scales are shown, and total length of seismicrecord is 162 m.



Figure 3-7. Seismogram of section B-B’ from Sugar Creek #12 (next page; refer to
Figure 3-5). Dashed lineislocation of boomer (approximately 0.5 m below the
water surface), thefirst solid linerepresentsthe water-sediment interface, and the
solid lines at depth areinterpreted seismic reflectorsidentified but not verified.
Depth and length scales are shown, and total length of seismicrecord is 158 m.
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Figure 3-8. Seismogram of section C-C’ from Sugar Creek #12 (next page; refer to

Figure 3-5). Dashed lineislocation of boomer (approximately 0.5 m below the
water surface), thefirst solid line represents the water-sediment interface, and the

solid lines at depth areinterpreted seismic reflectorsidentified but not verified.
Depth and length scales are shown, and total length of seismic record is 156 m.

36



3.3.2 Seismograms for Sugar Creek #14

Figure 3-9 shows the seismic lines obtained for Sugar Creek #14 and the location of the
three segments chosen for presentation here.  Figures 3-10, 3-11, and 3-12 show the
seismograms for sections A-A’, B-B’, and GC, repectively. At the time these seismic
data were collected, water depth was on the order of 1 to 3 m. As such, the post-
processing dgorithms were more successful in removing multiples here than a Sugar
Creek #12.

In generd, the following observations can be made. The sediment near the water-
sediment interface is quite soft, and it is represented by weak or low-amplitude reflectors,
amilar to Sugar Creek #12 (Figures 310, 311, and 312). This near-surface reflector is
about 0.2 m thick, and it displays little variation in thickness across the basn. Some
thinning of this unit occurs toward the principd spillway (towards A’; Figure 310). At a
depth of gpproximatdy 02 m, a very drong sasmic reflector is obsaerved, and this
reflector is ubiquitous in al the seigmic records. This srong saismic reflector is amilar
in depth and character to the reflector observed at Sugar Creek #12, and the reason for its
presence is 4ill unknown. Because of this srong, shdlow seiamic reflector, no deep
reflectors can be identified and verified with confidence.
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Figure 3-9. Base map of Sugar Creek #14 showing tracesfor all seismiclines. Three
segments, labeled A-A’, B-B’, and C-C’, arediscussed in text. All positionsarein
UTM coordinates.
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Figure 3-10. Seismogram of section A-A’ from Sugar Creek #14 (next page; refer to
Figure 3-9). Dashed lineislocation of boomer (approximately 0.5 m below the
water surface), thefirst solid line represents the water-sediment interface, and the
solid lines at depth areinterpreted seismic reflectorsidentified but not verified.
Depth and length scales are shown, and total length of seismicrecord is84 m.
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Figure3-11. Seismogram of section B-B’ from Sugar Creek #14 (next page; refer to
Figure 3-9). Dashed lineislocation of boomer (approximately 0.5 m below the
water surface), thefirst solid line represents the water-sediment interface, and the
solid lines at depth areinterpreted seismic reflector sidentified but not verified.
Depth and length scales are shown, and total length of seismic record is134 m.




Figure 3-12. Seismogram of section C-C’ from Sugar Creek #14 (next page; refer to

Figure 3-9). Dashed lineislocation of boomer (approximately 0.5 m below the
water surface), thefirst solid line represents the water-sediment interface, and the

solid lines at depth areinterpreted seismic reflectorsidentified but not verified.
Depth and length scales are shown, and total length of seismicrecord is116 m.
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3.3.3 Seismograms for Sergeant Major #4

Figure 3-13 shows the seismic lines obtained for Sergeant Mgor #4 and the location of
the three segments chosen for presentation here. Figures 314, 3-15, 3-16, 3-17, and 3-18
show the seismograms for sections AA’, BB’, GC’, DD’, and EFE', respectivey. At
the time these seismic data were collected, water depth ranged from about 1 m in the
tributary arms to about 10 m near the center of the lake. Pogt-processng dgorithms
successfully removed the mgority of multiples and digtortions of the seismic sgnd.

In generd, the following observations can be made. The saismic profiles show a number
of interpreted but unverified reflectors in the subsurface  Along the northwestern
tributary arm, (section A-A’; Figure 3-14), reflectors range in thickness from 0.1 to 0.5
m, they occur at depths up to 1 m, they have variable inclinations, and they are observed
to thin toward the deeper pat of the reservoir. In this deeper region, the reflectors
become horizontal and much thinner, less than 0.2 m thick. The desper region dso
disolays grester segmic reflectivity, suggesting a change in subdrate gran sze and
compostion.

Similar interpreted but unverified reflectors are observed dong the central tributary am
(section B-B’; Figure 3-15). But these reflectors are quite thin, about 0.2 m, they are
redricted in depth to about 0.3 m, and they display little variation in thickness towards
the deeper basn. Reflectors in the topographicaly low regons assume horizonta
attitudes.

Along the southern tributary arm, (section C-C'; Figure 3-16), interpreted but unverified
reflectors are more numerous in the topographicaly low regions, they range in thickness
from 0.1 to 0.3 m, and they are regtricted in depth to about 0.3 to 0.7 m. Many of these
reflectors pinch-out toward the sides of the topographic depressions.

The saamic line pardle to the embankment (section D-D’; Fgure 3-17) shows severd
interpreted but unverified reflectors that pardlel the subsurface topogrephy. These
reflectors range in thickness from 0.1 to 0.2 m and are observed to depths of about 1.5 m.
Severd of these reflectors are continuous for up to 80 m across the basin, while others
show very short laterd extents.

The saismic line through the centrd part of the reservoir (section EE’; Figure 318) aso
displays numerous interpreted but unverified reflectors ranging in thickness from 0.1 to
05 m. These reflectors drgpe the existing reservoir bathymetry and are redtricted in
depth to about 1 m. The reflectors appear to thicken towards the southeast (towards E'),
away from the center of the bagin.

The reservoir bathymetry is rdatively rugged as compared to the Sugar Creek Stes with
severd topographic highs and lows. The deegpest part of the reservoir occurs near the
center of the lake, and maximum bathymetric relief is about 4 m. The presumable cause
of thistopography isthe rock outcrops observable above the water line.
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Figure 3-13. Base map of Sergeant M ajor #4 showing tracesfor all seismic lines.
Five segments, labeled A-A’, B-B’, C-C’, D-D’, and E-E’ arediscussed in text. All
positionsarein UTM coor dinates.
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and total length of seismic record is 105 m.

Figure 3-14. Seismogram of section A-A’ from Sergeant Major #4 (next page; refer
to Figure 3-13). Thick solid lineislocation of boomer (approximately 0.5 m below
thewater surface), thefirst solid line represents the water-sediment interface, and

the solid lines at depth areinterpreted seismic reflector sidentified but not verified.

Depth and length scales are shown
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Figure 3-15. Seismogram of section B-B’ from Sergeant Major #4 (next page; refer
to Figure 3-13). Thick solid lineislocation of boomer (approximately 0.5 m below
the water surface), thefirst solid line represents the water-sediment interface, and
the solid lines at depth areinter preted seismic reflector sidentified but not verified.
Depth and length scales are shown, and total length of seismic record is66 m.




sediment inien‘ace, and

thefirst solid line represents the water-

Figure 3-16. Seismogram of section C-C’ from Sergeant Major #4 (next page; r efer
to Figure 3-13). Thick solid lineislocation of boomer (approximately 0.5 m below
the solid lines at depth areinterpreted seismic reflector sidentified but not verified.
Depth and length scales are shown, and total length of seismicrecord is 120 m.

the water surface)



sediment inter face, and

Figure 3-17. Seismogram of section D-D’ from Sergeant Major #4 (next page; refer
to Figure 3-13). Thick solid lineislocation of boomer (approximately 0.5 m below
the solid lines at depth areinterpreted seismic reflector sidentified but not verified.
Depth and length scales are shown, and total length of seismicrecord is 127 m.

thewater surface), thefirst solid line represents the water-
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Figure 3-18. Seismogram of section E-E’ from Sergeant Major #4 (next page; refer
to Figure 3-13). Thefirst solid line represents the water-sediment interface, and the
solid lines at depth are interpreted seismic reflectorsidentified but not verified.
Depth and length scales are shown, and total length of seismic record is293 m. Due
to space limitations, the location of the boomer was omitted.




3.4 Discussion

Seismic profiles were successfully obtained in each of the three reservoirs in Oklahoma
However, the very shdlow water depths at Sugar Creek #12 and Sugar Creek #14 caused
unwanted noise in the saismic sgnal, and the processed data are virtudly imposshble to
interpret.  The selsmic profiles obtained at Sergeant Mgor #4 required less processng,
and hence these show better performance of the seigmic sysem. Some individud seismic
reflectors were interpreted but could not be verified. These were less than 0.1 m in
thickness and were recognizable at distances of 10 m beow the water surface and at
depths of up to 1.5 m below the sediment bed.

The seismic profiles obtained a Sugar Creek #12 and #14 show that very soft sediment
occurs near the sediment-water interface, and this sediment is gpproximately 0.1 to 0.2 m
thick. This horizon can be traced across each reservoir, but its thickness does not vary
gopreciably. In both lakes, a very strong seismic reflector is observed at a subsuface
depth of approximady 0.2 m. This reflector caused a sgnificant amount of unwanted
noise in the saismic sgnd, thus requiring a grest ded of meticulous numericad processng
with little success. No deep reflectors are observed in these seismic pofiles due to this
unwanted noise. The cause for thisreflector and its characteristics are still unknown.

The sasmic profiles a Sergeant Mgor #4 show a number of distinct interpreted seismic
reflectors in the subsurface. These reflectors range in thickness from 0.1 to 0.5 m and
occur a depths of up to 1.5 m below the sediment bed. Severd reflectors can be traced
up to 80 m across the lake, while others appear to be restricted to the topographicdly low
regions. Reflector thickness appears to be greatest dong the northwestern tributary arm,
while the thinnest reflectors occur dong the smdl centrd tributary arm.  Nonethdess,
reflectors were ubiquitous in al regions of the lake. These reflectors, however, are
unverified. More rigorous interpretations of seismic profiles are presented and discussed
in 85,

Seigmic data aone is not enough to characterize the subsurface dratigraphy within these
reservoirs.  The acquisition of deep sediment cores a key locations would provide
invduable informetion because such daia will congrain the location and physcd
characterigtics of the observed saismic horizons. More importantly, the core data would
provide the opportunity to reandyze the saismic profiles with a priori knowledge of the
subsurface gtratigraphy.
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4. Sediment Coring

Vibracoring is a common approach for obtaining undisturbed cores of unconsolidated
sediment in saturated or nearly saturated conditions (Lanesky et d., 1979; Smith, 1984).
Vibracoring works on the principle of trandferring a high-frequency vibraion to a thin-
waled core pipe hed in a vertica podtion on the sediment bed. The vibraing pipe
causss the liquefaction or fluidization of sediment only a the core-sediment interface,
thereby dlowing the pipe to peretrate the sediment with little resstance and without
disrupting sediment Srtification.

A commercidly avalable vibracoring sysem was used in this sudy (Figures 4-1, 4-2,
and 4-3). This system uses a 1-HP motor that drives a par of weghts (masses)
eccentrically mounted on two shafts and housed within a water-tight duminum chamber
(Figure 4-3). When in operation, the masses rotate in opposte directions causing the
chamber to vibrate a frequencies ranging from 6000 to 8000 RPM depending upon the
sediment substrate. The chamber (driver) is connected to the top of an duminum
irrigetion pipe 1.5-mm thick, 76-mm wide, and over 3m long and cabled to a 4.2-m high
aduminum tripod fitted with a bettery-operated winch (Figures 41, 42, and 43). Since
the driver is seded, the entire syssem can be immersed in water. A smple check vave
placed into the flange connecting the core pipe to the driver induces internd suction
during core extraction. The tripod is mounted to a raft that can be easly carried and
assembled on gte, towed with asmal boat, and anchored into position (Figure 4-2).

Once the core was driven into the sediment, the vibrating motion was stopped and the
winch lifted the core to the water surface (Figure 4-3). When successful, the core
typicaly had a hard sediment bottom that acted as a sedl. If excessve sand or gravel was
present at the bottom of the core, the entire contents of the pipe would be lost during
lifting. The pogtion of the raft was recorded with a hand-held GPS recelver whose data
were differentidly corrected usng avalable base dation information. The core was
transferred to the boat and transported to shore. Each core was opened on site by cutting
the duminum pipe length-wise on both sdes with a circular saw, and the top haf of the
pipe was caefully lifted from the sediment (Figure 4-4). Typicd photographs of the
sediment within a core are shown in Figure 4-5.

After the core was opened, sediment samples were secured for |aboratory andyss. For
the physcd characterization of the sediment, gpproximatdy 200 g of sediment was
secured from each mgor gratigraphic horizon and placed into a derilized bag. From 2 to
4 sediment samples would be taken from each core.  For agrichemicd andyss,
approximately 1 to 2 kg of sediment was secured and placed into a bottle previoudy
washed with acetone. These samples were integrated over the entire core or over the
lower-hdf and upper-hdf.  All agrichemicad samples would be placed into chedts,
covered in ice during transport, and placed into a cooler on sSte until the andyses were
peformed. If a core were to be andyzed for Cesum, the remaning contents were
subdivided into intervals, 0.15 m at Sugar Creek #12 and 0.1 m at Sergeant Mgor #4, and
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al sediment was placed into plagtic bags. Once completed, any sediment remaining was
disposed on site.

4.1 Sediment Cores Obtained at Sugar Creek #12

Ten continuous, undisturbed cores were obtained at Sugar Creek #12 and their positions
are shown in Figure 4-6. These cores ranged in length from 1.3 to 3.1 m and were
extracted from water depths ranging from 0.5 to 3 m. The postions of the cores were
chosen to coincide precisely with the seismic profiles collected previoudy (see Figure 3-
5).

Stratigraphic columns for each core are shown in Figures 47, 48, 49, 410, and 411.
The dratigraphic logs show the schematic texturd and color characteristics of each core,
the location of the sediment samples secured (eg., GS 1, GS 2, etc.), and the location of
agrichemical and Cesum samples obtained.

In generd, the cores at Sugar Creek #12 are composed of sand, sit, and clay. In places,
dternating layers of black and brown st and clay are present (see Core 7, Figure 4 10).
These layers are interpreted as varves, which represent seasond variations in water
dratification due to temperature and its effect on dlt and clay depostion (Leeder, 1982).

In the cdlassc interpretation for varve formation, warmer, sediment-laden river water
flows over and within the colder lake water during the summer, producing a congtant rain
of paticles lager than clay. The clay paticles are held in sugpenson until the incoming
water temperature drops below the lake water temperature in autumn, which causes a
wholesde overturn of the water, and the remaining sediment is deposited forming a light-
colored winter blanket. Very thick accumulaions, up to 24 m, of dit and cay ae
common (see Cores 1 and 2, Figure 47; Core 7, Figure 410; and Core 10, Figure 4-11).
Many of these thick glt and day units have thin-bedded sand units (ca 5 to 20 mm)
within them (see Core 4, Figure 48; and Cores 9 and 10, Figure 411). Layersrich in
organic materia such as vegetation are dso common (see Core 5, Figure 4-9; and Core
9, Figure 4-11). Virtudly no grave is observed.
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Figure4-1. Photograph of floating vibracor e system showing thetripod and
portablerafts. A core pipeisbeng connected to the vibracore head.

Figure4-2. Photograph of floating vibracor e system showing thetripod and
portablerafts. The pipeisbeing positioned to obtain a core (June 1999).
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Figure 4-3. Photograph of vibracore system showing thetripod, vibracor e head,
and winch and cable assembly.
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Figure 4-4. Photograph of extracted core being cut open on-site (June 1999).
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Figure4-5. Typical photographs of sediment within the extracted cores (June 1999).
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Figure4-7. Stratigraphic logs of Core 1 (Ieft) and Core 2 (right) obtained at Sugar
Creek #12 (see Figure 4-6 for exact location). Also shown ar e schematic textural
and color characteristics of the units and the location of samples obtained for
analysisincluding sediment and agrichemical analysis.
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Figure4-8. Stratigraphic logs of Core 3 (left) and Core 4 (right) obtained at Sugar
Creek #12 (see Figure 4-6 for exact location). Also shown are schematic textural
and color characteristics of the units and the location of samples obtained for
analysisincluding sediment, *’Cs, and agrichemical analysis.
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Sugar Creek #12 Core 5 Sugar Creek #12 Core 6
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Figure4-9. Stratigraphic logs of Core5 (left) and Core 6 (right) obtained at Sugar
Creek #12 (see Figure 4-6 for exact location). Also shown are schematic textural
and color characteristics of the units and the location of samples obtained for
analysisincluding sediment and agrichemical analysis.
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Sugar Creek #12 Core 7 Sugar Creek #12 Core 8
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Figure4-10. Stratigraphiclogsof Core 7 (left) and Core 8 (right) obtained at Sugar
Creek #12 (see Figure 4-6 for exact location). Also shown are schematic textural
and color characteristics of the units and the location of samples obtained for
analysisincluding sediment, **’Cs, and agrichemical analysis.
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Sugar Creek #12 Core 9
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Figure4-11. Stratigraphic logsof Core 9 (Ieft) and Core 10 (right) obtained at
Sugar Creek #12 (see Figure 4-6 for exact location). Also shown are schematic
textural and color characteristics of the units and the location of samples obtained
for analysisincluding sediment, *’Cs, and agrichemical analysis.
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4.2 Sediment Cores Obtained at Sergeant Major #4

Four continuous, undisturbed cores were obtained at Sergeant Maor #4 and ther
postions are shown in Figure 412. These cores ranged in length from 1.3 to 1.6 m and
were extracted from water depths ranging from 1 to 12 m. The posgtions of the cores
were chosen to coincide precisdy with the saismic profiles collected previoudy (see
Figure 3-13). Equipment failure prohibited the collection of additiona cores.

Stratigraphic columns for each core ae shown in Figures 4-13 and 4-14. The
gratigraphic logs show the schematic texturd and color characterigtics of each core, the
location of the sediment samples secured (eg., GS 1, GS 2, ec), and the location of
agrichemica and Cesum samples obtained.

In generd, the cores at Sergeant Mgor #4 are composed of gravel, sand, sit, and clay. In
places, dternating layers of black and red-brown st and clay (varves) are present (see
Core 1, Figure 413; and Core 4, Figure 414). Very thick accumulations, up to 1.1 m, of
gt and clay are common (see Core 1, Figure 413; and Core 4, Figure 414), but aso
common are large sand accumulations of up to 1 m (see Core 2, Figure 413; and Core 4,
Figure 414). The thick it and cday unit in Core 1 has a very thin (ca 5 mm) sand unit
(Figure 4-13). Gravel is observed near the base of Core 1 (Figure 4-13) and Core 4
(Figure 4-14), and rock fragments are present near the base of Core 2 (Figure 4-13).
Roots are observed near the base of Cores 3 and 4 and a layer rich in organic materid is
present within the st and clay layer of Core 3 (Figure 4-14).
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Figure4-12. Base map of Sergeant Major #4 showing locations of all cores
(numbered 1-4). Arrows show flow direction of major tributaries entering the
reservoir. All positionsarein UTM coor dinates.
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Figure4-13. Stratigraphic logsof Core 1 (Ieft) and Core 2 (right) obtained at
Sergeant Major #4 (see Figure 4-12 for exact location). Also shown are schematic
textural and color characteristics of the units and the location of samples obtained
for analysisincluding sediment, **’Cs, and agrichemical analysis.
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Figure4-14. Stratigraphic logsof Core 3 (Ieft) and Core 4 (right) obtained at
Sergeant Major #4 (see Figure 4-12 for exact location). Also shown are schematic
textural and color characteristics of the units and the location of samples obtained
for analysisincluding sediment, *’Cs, and agrichemical analysis.



4.3 Physical and Chemical Characterigtics of the Sediment within the Cores

Sdect physcd and chemica characterisics were determined for each of the sediment
samples obtained form the mgor dratigraphic horizons identified in the cores  The
purpose of this characterization is to facilitate the corrdation of these dratigraphic
horizons across the reservoir basn. These physcd and chemicd characterizations
include grain sze andyds, magnetic susceptibility, pH, percentage nitrogen and carbon,
and color. All results are tabulated in Tables 4-1 and 4-2.

4.3.1 Methods and Procedures

For grain sze analyss, approximatey 10 g of sediment was trested in H0, and shaken
overnight in sodium hexametaphosphate for complete disperson.  Tota percent clay
(<0.002 mm) by mass was determined by sphoning off 5-mL of the dispersed sediment
and using the pipette method (Method 3A1, Soil Survey Staff, 1992). Tota percent sand
by mass was determined by wet Seving the remaning sample through a 0.053-mm Seve
and weighing the dried sediment retained. Totd percent Slt by mass was cdculated by
subtracting the masses of sand and clay from the origind sample mass,

For magnetic susceptibility, dried and crushed sediment samples were packed into 20-mL
glass vids and the mass specific magnetic susceptibility of the sample was measured
uing a Bartington MS2B susceptibility meter a a frequency of 047 kHz (vaues
presented here are in Sl units, 10® n/kg; see Lindbo et d., 1997). The magnetic
susceptibility of each glass vid was determined prior to use.

Soil pH was measured in a 1.1 soil/digtilled water suspension (McLean, 1982). Organic
carbon and nitrogen was determined usng a Leco CD-12 carbon and nitrogen andyzer
usng a2-g sample.

Quantitative sediment color was determined usng a chroma meter that employs a sdf-
contained pulsed xenon arc lamp as a light source (Minolta CR-200 Chroma Meter; see
Lindo et d., 1998). Water saturated sediment colors using the Munsdl system of hue,
vaue, and chroma are reported here (Munsell Color Company, 1994).

4.3.2 Grain Sze Analysis Results

For Sugar Cresk #12, the grain size results show that the silt-clay dominated stratigraphic
units have nearly equa proportions of silt and clay but the percentage of clay (ca. 55% by
weight) is typicdly higher than st (ca 40% by weight; Table 41). The sand dominated
units can have as much as 95% sand by weight, with varying proportions of slit and clay.
Poorly sorted sediments, with varying amounts of sand, slit, and clay, tend to occur near
the dlt-clay dominated layers (Core 3, GS3-2, Table 4-1, Figure 48; and Core 9, GS9-1,
Table4-1, Figure 4-11).

For Sergeant Mgor #4, the grain Sze results show tha much of the sediment is poorly
sorted and the percentage of slt by weight is typicaly much greater than clay (Table 4
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1). The glt-day dominated units generdly have two to three times the amount of sSit
than clay by weight, and clay percentages rarely exceed 20% by weight. The sandy units
are poorly sorted and each has a greater proportion of st (ca. 50% by weight) than sand
(ca. 32% by weight).

4.3.3 Magnetic Susceptibility Results

The magnetic susceptibility of sediment is one measure of how easly the sediment can be
megnetized by an externa fied, expressed as the ratio of the induced magnetization to
the gpplied (Kimbrough et d., 1997). Magnetite has a magnetic susceptibility roughly
three orders of magnitude greater than any other naturdly occurring minerd (Linddey et
d., 1966), and therefore it largely controls this physical property in sediments. Magnetic
susceptibility readings, however, are aso weakly dependent on grain sze, gran shape,
and the presence of other magnetic minerds.

For Sugar Creek #12, magnetic susceptibility ranges from 2 to 87 10® ni/kg (Table 41).
In generd, the vaue of magnetic susceptibility at Sugar Creek is proportiona to the
amount of dlt and clay present (see beow). For Sergeant Mgor #4, magnetic
susceptibility ranges from 5 to 27 10® nt/kg. In generd, the magnetic susceptibility
vaues for Sergeant Mgor #4 are lower in magnitude and less variable than those vaues
measured at Sugar Creek #12.

4.3.4 Sediment pH and Nitrogen and Carbon Content

The pH of the sediment a Sugar Creek #12 ranges from as low as 6.2 and as high as 8.3
with an average vaue around 7.5 (Table 4-1). In contrast, the pH of the sediment in
Sergeant Mgor #4 ranges from 7.9 to 9.2, with an average vaue around 85. These
vauesreflect regiond variaionsin climate and soil type.

Vey little nitrogen is present in the sediments a Sugar Creek #12, typicdly much less
than 0.1% by weight (Table 41). Carbon is observed to range from 0.06 to 2.3% in the
same sediments, with an average vadue around 0.2%. At Sergeant Mgor #4, the nitrogen
content of the sediment is very smadl, typicdly less than 0.02% by weight. The amount
of carbon in these sediments range from 0.8 to 2.8%, with an average vaue of around
2%.

4.3.5 Sediment Color

Table 4-2 summarizes the color determinations for dl sediment samples. In generd, the
sediment at Sugar Creek #12 has a hue ranging from 3 to 7YR, wheress the sediment in
Sergeant Mgor #4 has ahue ranging from 1 to 4YR.

4.3.6 Correlation amongst the Physical and Chemical Characteristics

An atempt is made to determine any corrdaion amongst the physcd and chemicd
characterigtics of the sediment. These corrdation plots include gran sze and magnetic
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susceptibility (Figure 4-15), grain sze and pH (Figure 4-16), gran sze and percent
nitrogen, (Figure 4-17), grain sSze and percent carbon (Figure 4-18), percent snd and
color (Figure 419), percent silt and color (Figure 4-20), percent clay and color (Figure 4
21), magnetic susceptibility and pH, percent nitrogen, and percent carbon (Figure 4-22),
magnetic susceptibility and color (Figure 4-23), pH and percent nitrogen and percent
cabon (Figure 4-24), pH and color (Figure 4-25), percent nitrogen and color (4-26),
percent carbon and color (Figure 427), and percent nitrogen and percent carbon (4-28).
Table 43 summarizes the correation of these parameters for Sugar Creek #12 and Table
4-4 summarizes the correlation of these parameters for Sergeant Mgor #4 (denoted as
strong, weak, or no correlation).

The main results of this andyss are summarized below. For the sediment a Sugar Creek
#12, the amount of glt and clay is pogtively corrdated with the amount of carbon and
nitrogen and are associaed with high vaues of magnetic susceptibility (Table 4-3).
Hence, the amount of sand is negatively corrdated with the amount of carbon and
nitrogen and is associated with low vaues of magnetic susceptibility.  Sediment hue is
postively corrdated and sediment chroma is negdaively corrdated to sSit and clay
content. Sediment pH is negatively corrdated, though dightly so, with it and clay
content. Carbon and nitrogen are found to be positively correlated.

For Sergeant Maor #4, there is little corrdation amongst the physcd and chemicd
characterigtics of the sediment. Carbon content is pogtively corrdated with st and clay
content and magnetic susceptibility, and carbon is negatively corrdlated to sand content.
Some correlaion is observed between color, magnetic susceptibilty, and pH, but these
relations are of little Sgnificance.

67



Table4-1. Physical and chemical characteristics of sediment samples obtained from coresat Sugar Creek #12 and Sergeant
Major #4.

Chemicd Composition
CoreNo. Sample No. Texturd Composition (% by mass) Magnetic Susceptibility pH (% by mass)
Sand Sit Clay 10°® m’/kg Nitrogen Carbon
Sugar Creek #12
1 1-1 142 44.79 53.79 7342 7.38 0.178 2.378
1-2 0.95 47.82 51.22 79.11 6.83 0.142 1.953
1-3 0.64 34.67 64.69 83.55 7.05 0.184 2.329
14 89.49 517 534 8.70 8.29 n.d. 0.531
2 2-1 0.29 35.15 64.56 86.72 741 0.167 2.140
2-2 0.22 43.68 56.10 78.76 6.24 0.158 2.093
2-3 81.86 9.08 9.06 6.15 124 n.d. 0.476
2-4 52.67 35.30 12.03 20.77 7.26 0.015 1147
3 31 3.82 55.02 41.15 69.10 7.4 0.136 2.258
32 4534 3212 2255 37.10 6.75 0.030 1.041
33 227 43.04 54.69 80.40 6.42 0.170 2439
34 78.56 11.85 9.58 841 8.26 n.d. 0.228
4 4-1 69.78 17.34 12.88 17.02 7.76 n.d. 0.5%4
4-2 95.47 0.03 4.50 5.53 7.49 n.d. 0.095
4-3 2.76 3112 66.13 87.02 6.83 0.185 2481
4-4 79.34 12.45 821 13.85 7.52 n.d. 0.460
4-5 66.45 22.38 11.18 2294 6.65 n.d. 0.750
5 51 95.25 0.08 4.66 3.66 7.26 n.d. 0.106
52 67.75 16.90 15.35 18.56 754 n.d. 0.722
53 2.00 4191 56.09 86.01 6.47 0.175 2418
54 95.66 n.d. 5.06 353 6.94 n.d. 0.086
6 6-1 342 42.61 53.97 8343 6.85 0.152 2.216
6-2 76.05 15.26 8.69 13.39 6.5 n.d. 0.683
6-3 90.30 295 6.75 254 7.79 n.d. 0.089
7 7-1 138 4521 5341 76.42 7.56 0.148 2204
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Table 4-1 continued

Chemicd Composdtion
CoreNo. Sample No. Textural Composition (% by mass) Magnetic Susceptibility pH (% by mass)
Sand St Clay 10°® mP/kg Nitrogen Carbon
7-2 81.88 9.59 8.53 6.11 742 n.d. 0.196
8 81 96.50 101 249 240 8.08 n.d. 0.079
82 76.68 14.87 8.45 13.99 7.62 n.d. 048
83 86.17 8.92 492 9.28 7.78 n.d. 0.263
84 450 56.52 38.98 65.62 6.77 0.108 1.839
9 91 71.69 1852 9.79 20.67 8.09 n.d. 0.491
9-2 2.78 46.19 51.03 85.63 7.19 0.1%4 2.331
93 87.35 6.67 5.98 4.02 742 n.d. 0.077
9-4 92.99 315 3.86 4.70 6.87 n.d. 0.142
10 101 120 43.56 55.24 75.94 7.2 0.125 1.896
10-2 90.34 3.55 6.10 254 8 n.d. 0.064
10-3 89.13 5.44 543 3.16 871 n.d. 0.194
Sergeant Major #4
1 1-1 1.89 71.40 26.71 19.59 8.1 0.028 2.258
1-2 23.26 57.30 1944 5.10 8.7 n.d. 2104
2 2-1 26.24 56.23 1753 8.07 8.63 n.d. 1731
2-2 32.38 47.84 19.79 6.55 8.82 n.d. 2033
2-3 34.75 4750 17.75 6.87 8.99 n.d. 1.889
2-4 38.68 43.02 18.30 6.04 9.18 n.d. 1539
3 31 20.03 59.17 20.79 22.66 8.03 0.013 2.162
32 58.60 29.97 1142 26.92 8.35 n.d. 0.777
33 8.55 70.30 21.16 7.40 8.55 n.d. 1.696
34 9.19 69.71 21.10 6.34 8.92 n.d. 1.658
4 4-1 0.46 45.08 54.46 21.80 7.85 0.056 2335
4-2 1321 64.17 22.62 6.45 8.77 n.d. 1.943
4-3 924 67.78 2297 6.96 834 n.d. 1.695
4-4 14.07 66.81 19.12 5.59 8.8 n.d. 2.756

n.d. not detected
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Table4-2. Color characteristics of sediment samples obtained from coresat Sugar
Creek #12 and Sergeant Major #4 using the Munsell system of hue, value, and
chroma (Munsdll Color Company, 1994).

Core Sample  Munsl Color Scheme  Core  Sample Munsdll Color Scheme

No. No. Hue Vdue Chroma No. No. Hue Vdue Chroma

(YR) (YR)
Sugar Creek #12 Sergeant Major #4
1 1-1 6.5 2.7 19 1 1-1 25 3.2 3.6
1-2 6.0 3.0 1.8 1-2 1.2 3.0 4.3
1-3 7.0 2.5 1.6 2 2-1 1.4 3.2 4.6
1-4 5.2 3.0 2.0 2-2 0.8 34 45
2 2-1 6.5 2.7 1.8 2-3 1.1 34 45
2-2 6.4 2.8 1.6 2-4 0.9 34 4.8
2-3 3.7 3.1 34 3 31 3.9 3.2 3.0
2-4 5.3 2.9 1.8 3-2 4.3 3.3 2.7
3 31 6.4 2.6 1.9 33 1.7 3.2 4.3
32 5.1 3.0 2.2 34 1.2 34 4.6
33 6.3 2.8 15 4 4-1 31 3.1 3.0
34 3.6 31 2.9 4-2 1.0 3.2 45
4 4-1 5.6 2.9 2.6 4-3 1.3 3.2 4.1
4-2 43 3.2 3.3 4-4 1.5 2.9 4.1

4-3 6.5 226 1.6
4-4 4.3 3.0 2.4
4-5 6.5 24 1.2
5 5-1 4.2 34 35
5-2 6.0 2.7 2.3
5-3 6.3 2.8 14
5-4 4.4 3.3 34
6 6-1 6.7 2.5 1.6
6-2 5.8 2.5 1.9
6-3 2.8 35 4.2

7 7-1 6.5 2.7 1.6
7-2 4.0 3.0 3.5
8 8-1 34 35 3.6

8-2 4.3 3.2 2.8
8-3 4.7 3.2 3.0
8-4 6.3 2.8 1.8
9 9-1 5.7 2.7 2.3
9-2 6.3 2.7 1.6
9-3 3.6 3.2 39
9-4 4.0 3.2 2.8
10 10-1 5.8 2.7 1.8
10-2 3.7 3.3 4.1
10-3 3.9 3.2 3.9

70



Table 4-3. Summary of correlation amongst the physical and chemical parameters
for Sugar Creek #12. + denotes positive correlation, ++ denotes strongly positive
correlation, - denotes negative correlation, - - denotes strongly negative correlation,
and NC denotes no correlation.

P
< S 0B
S < X © T B
Parameter S > g 9 < o ) g % g—
5 & 5 =z O = B 5 T
» © =z O I > O =3 5
Sand (%) . .« .+« . - T NC + - nNC
Sit (%) . . . ++ ++ + NC  -- ++ -
C|@/ (0/0) . . o ++ ++ + - - ++ -
N (%) . . . . ++ + - - + -
C (%) * * . . . + - -- ++ NC
HLE ° ° ° ° ° ° ° ° ++ - -
Vdue o . o o . . . . - +
Chroma . . ° ° . . . . . ++
M@ndm: . . . . . . . . . NC
Susceptibility
pH ° ° ° ° ° [ [ [ [ []

Table4-4. Summary of correlation amongst the physical and chemical parameters
for Sergeant Major #4. + denotes positive correlation, ++ denotes strongly positive
correation, - denotes negative correlation, - - denotes strongly negative correlation,
and NC denotes no correation.

2
s . g . oF
Parameter S £ > S ° 4 © = 2y
5 = & = < 8 7 E B3 L
» © =z O I > O =3 ©
Sand (%) - - - NC -- NC NC NC NC NC
Silt (%) . +« « NC + NC NC NC NC NC
Clay (%) « « « 4+ + + NC - NC NC
N (%) . « +« « NC NC NC NC NC NC
C (%) « « « « <« NC NC NC + NC
Hue ° ° ° ° . . . . ++ - -
Vdue . . . . . . . . NC NC
Chroma . . . . . . . . - ++
Magnam o o o o . . . . . NC
Susceptibility
pH . . . . . . . . . .
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Figure4-15. Relation between per centage sand, silt, and clay and magnetic susceptibility for all sediment samples.
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T
7: Q
Bl oot a

T 6 e} o

E ® °
O s5lo 0©
'd3§°°° o
> 48

%408%80 o
T sk o

P o [m]
S 2t o

o L
O 1[ nEqJElqh

0O 10 20 30 40 50 60 70 80 90 100

Percentage Silt by Weight

40

Color, Vaue
N N w w
o [6;] o [6;]

=
o
T

10

$0 oo o
&D%o o 0o oo
L o %o °, B g o
S el ® e
0
0 10 20 30 40 50 6 70 80 90 100

Percentage Silt by Weight

5.0

100

45
403
30
25]

Color, Chroma

20[ o
15[

10l

3.5{? P
o

0

Percentage Silt by Weight

Figure4-20. Relation between the per centage silt by weight and color (hue, value, and chroma) for all sediment samples.

74

10 20 30 40 50 60 70 80 90 100



Color, Hue Y ellow-Red

0

8
7t o 4
o el ° ©
6 f Qco %, 4
502 ° o _
Ool:|
N ;‘%‘é o ]
3b o o ]
o

2r o  Sugar Creek #12 | ]
1t ﬁ' o Sergeant Magjor #4| -

0 10 20 30 4 50 60 7 @ 90 100
Percentage Clay by Weight

4.0
35 o0 oo
r 8o omo
L 30} of go of
E r O«)O ° Og o
>_2.5. [} ° o Jd
N o
S L
o]
02.0.
151
10 —
0O 10 20 30 40 50 60 70 8 90 100

Percentage Clay by Weight

a1
o

s
o w

Color, Chroma
N N w w

=
3]

=
o

o v o o

o

=
Bh ]
& 8b J
o
."3 Q o J
o8y °
b o
[ OOO Oo ooo o 1
] ® ]
. 3
10 20 30 40 50 60 70 8 90
Percentage Clay by Weight

Figure4-21. Relation between the per centage clay by weight and color (hue, value, and chroma) for all sediment samples.
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samples.
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4.4 Discussion

Continuous, undisturbed cores of lake sediment were successfully obtained a Sugar
Creek #12 (10 cores) and Sergeant Mgor #4 (4 cores). These cores ranged in length
from 1.3 to 3.1 m and were obtained in water depths ranging from 0.5 to 12 m. Qe
positions were located with differentid GPS recordings and Ste sdection was to coincide
precisely with seismic lines previoudy obtained. Once opened, each core was described
and sediment samples were secured for later analysis.

At Sugar Creek #12, very thick accumulaions of sit and clay are common, and many of
these have thinrbedded sand units within them. These glt-day units generdly have
dightly more day than glt. The amount of slt and clay is postively corrdated with the
amount of carbon, nitrogen, and magnetic susceptibility.

At Sergeant Mgor #4, very thick accumulations of slt and clay as wel as sand are
common. The sediments are poorly sorted, and the amount of dit is generdly two to
three times grester than clay. Grave is common near the base of many cores. Little
correation is observed amongst the physica and chemicd characterigtics of the sediment.
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5. Chemical Analysis
5.1 Phase | Results

5.1.1 Sediment Sampling Methods

Phase | sediment sampling was completed during the period of October 26 to October 28,
1999. Sampling dites within each lake were sdected to provide representative sediments
from areas of deposition in mgor lake inlets and within the main pool area adjacent to the
embankment. At each sampling sSte, sediment cores were taken to greastest depth
possble with manua coring equipment and procedures from an anchored boat (Figures
5-1 and 5-2). Multiple attempts a sampling adjacent to an initidly sdlected dte were
occasondly necessay when coring was hindered or impossble due to water depths
exceeding manud coring equipment cgpabilities, lack of accumulated  sediment,
excessve large stony materid in sediments, or dense cdlam or mussel populations.

A auffident number of four-inch diameter sediment cores were driven a esch ste, lifted
into a cdean semi-tubular ruled trough, and separated as necessary for needed anayses
(Figures 5-3 and 5-4). For Cesum andyss, 10 cm sections by depth from sediment
surface were separated and stored until @ minimum of 1 kg of sediment from each
intervd was acquired. At each dte, depth-integrated sediment samples (proportionaly
representative of entire depth of core) were collected into appropriately prepared
containers for agrichemicd and contaminant adlyses for Group 1 (Priority Pollutant
Pesticide/PCB, see Table 1-1) and Group 2 (Oil Fidd Contaminants, see Table 1-1)
contaminants. Since more detaled Cesum andyss was peformed in Phase Il, the
Cesum resultsfrom Phase | will not be presented.

5.1.2 Sediment Sampling Locations
Proximate locations of sampling Stes for each lake are illustrated on Figures 55, 56, and
5-7. At totd of seven Stes were sampled and each is described in Table 51. GPS data

were collected a each sample location, but due to problems with the base dation data
these positions could not be differentialy corrected.
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Figure5-1. Photograph of the sediment coring tube used to obtain sediment
samples (taken at Sugar Creek #12, October 1999).

Figure5-2. Photograph of the sediment coring tube used to obtain sediment
samplesand theruled sediment core catcher (taken at Sugar Creek #12, October
1999). Also shown isthe aluminum extension necessary to obtain deep-water

samples.
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Figure 5-3. Photograph of the sediment core being extruded into core catcher
(taken at Sugar Creek #12, October 1999). Coreisextruded by tipping core and
shaking out contents.

!;, X T!{'Ef; .ﬁJ ] !

Figure5-4. Photograph of the sediment from core being placed into sample bottles
for later analysis (taken at Sugar Creek #12, October 1999).
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Table5-1. Characteristics of sediment samples obtained by the USDA-ARS at
Sugar Creek #12, Sugar Creek #14, and Sergeant Major #4, October 1999.

Sample Location Water Thickness of Samples Secured
Number Depth  Sediment Core
(m) Sampled (m)
Sugar Creek #12
SC12-1 Mouth of ~0.6 0to 0.8 8 sections for Cesum dating plus
mgor inflow depth integrated sample
SC12-2 Mid-lake ~0.9 0to1.0 10 sections for Cesium dating
plus depth integrated sample
Sugar Creek #14
SC14-1 Mid-lake ~1.2 0to0.2 2 sections for Cesum dating plus
depth integrated sample
SC14-2 Main pool ~2.4 0to0.3 3 sections for Cesum dating plus
adjacent to integrated sample
embankment
Sergeant Major #4
SM4-1 Southesstern ~2.4 0to 0.4 4 sections for Cesum dating plus
am of lake depth integrated sample
SM4-2 Smdler ~3.7 0to04 4 sections for Cesum dating plus
centrd inlet depth integrated sample
am of lake
SM4-3 Northwestern  ~5.5 0to0.4 4 sections for Cesum dating plus
am of lake depth integrated sample

Observations made during Phase | sampling indicate that Sugar Creek #12 has received
very high amounts of sediment. Due to its smdl Sze, sediment was sampled a only two
Sample SC12-2 was taken at mid-lake to represent

gtes in this reservoir during Phase |.

main pool sediments.

Sugar Creek #14 does not appear to have suffered from excessve sedimentation, as
coring atempts encountered resstant substrates under shdlow sediments throughout the
lake. Numerous sampling atempts closer to the inlet area of this lake were unsuccessful
due to encounters with a hardened substrate layer under very shalow layers of sediment.
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Sergeant Mgor #4 did not show excessve sediment accumulation, but large stony
subdrate paticles and high-dengty clam populations were frequently encountered while
attempting to sample shoreward sections of inlet ams of this lake. Mouths of inlets near
the main body of the lake exceeded the depth capacity of manua coring equipment used
(water column depth greater than 25 ft). The man pool was not sampled within Sergeant
Maor #4 due to unsafe boating conditions caused by excessve wind veocities a the
time of the gte vigt.

5.1.3 Agrichemical and PCB Analysis for Sugar Creek #12 and #14

The reaults of Phase | agrichemicd and PCB andysis is presented in Table 52 for Sugar
Creek #12 (November 1999) and Table 53 for Sugar Creek #14. These tables show that,
in genera, overal sediment quaity is good at each of these lakes. A breskdown product
of DDT, DDE, was detectable in the Sugar Creek Watershed with higher concentrations
occurring a Sugar Creek #12 than a Sugar Creek #14. In addition, methyl parathion, a
common insecticide associated with cotton production, was aso detected in trace
amounts. No other agrichemicas were found.

5.1.4 Oil Field Contaminants, Sediment Parameters, Major Element, and Heavy Metal
Analysisfor Sugar Creek #12 and #14

A vaiety of other sediment properties and possible contaminants often monitored in
association with ol fields were measured.  As expected, sediment pH is generdly neutra
in the more eastern Sugar Creek Watershed and these values agree wel with those
presented in Table 4-1. Sodium, Potassum, Cdcium, and Magnesum concentrations are
within expected ranges for sediments. Sediment dectricd conductivity (EC), Sodium
Absorption Ratio (SAR), Cation Exchange Capecity (CEC), and Exchangesble Sodium
Percentage (ESP) are within expected limits a these dtes. Observed vaues for those
properties imply a naturd baance of sediment eementa ion concentrations. Andyss of
ol and greese show the presence of only very smdl proportions of this contaminant.
Heavy med concentrations are smilar in dl samples, and fdl within  expected
concentration ranges.

5.1.5 Agrichemical and PCB Analysis for Sergeant Major #4
The reaults of Phase | agrichemicd and PCB andyss is presented in Table 5-4 for
Sergeant Mgor #4 (November 1999). This table shows that overal sediment qudity is

excdlent a this location. Methyl parathion and chlorpyrifos, a common insecticide
caled Lorshan, was detected in trace amounts, but no other agrichemicas were found.

5.1.6 Oil Field Contaminants, Sediment Parameters, Major Element, and Heavy Metal
Analysis for Sergeant Major #4

Sediment pH is generdly dightly more dkdine in the more western Sergeant Mgor
Watershed and these vaues agree well with those presented in Table 4-1.  Sodium,
Potassum, Cacium, and Magnesum concentrations are within expected ranges for
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sediments.  Sediment dectricd  conductivity (EC), Sodium Absorption Raio (SAR),
Cation Exchange Capacity (CEC), and Exchangesble Sodium Percentage (ESP) ae
within expected limits at these sStes. Observed vaues for those properties imply a natura
baance of sediment dementd ion concentrations. Anayss of ol and grease show the
presence of only very smdl proportions of this contaminant. Heavy metd concentrations
aregmilar in al samples, and fal within expected concentration ranges.
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Table5-2. Chemical analysisresultsfor sediment samples obtained at Sugar Creek #12. USDA identification numbersare:
1—SC12-1, 2-A—SC12-2-A, €tc.

Date Nov. Nov. Jly July July July July July July July July July July July July July July July July July

1999 1999 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
SampleI.D. 1 2 1-A 1-B 2-A  2-B 3-A 3B 4A 4B 5-A  5-B 6 7-A 7-B 8 9-A  9-B 10-A 10-B
Compound Units

Pesticides
Aldrin ppb  ND ND X X ND ND ND ND ND ND ND ND X X X X ND ND X X
BHC-alpha ppb  ND ND X X ND ND ND ND ND ND ND ND X X X X ND ND X X
BHC-beta ppb ND ND X X ND ND ND ND ND ND ND ND X X X X ND ND X X
BHC-delta ppb  ND ND X X ND ND ND ND ND ND ND ND X X X X ND ND X X
BHC-gamma ppb ND ND X X ND ND ND ND ND ND ND ND X X X X ND ND X X
Chlordane ppb  ND ND X X ND ND ND ND ND ND ND ND X X X X ND ND X X
Toxaphene ppb ND ND X X ND ND ND ND ND ND ND ND X X X X ND ND X X
DDD 4,4 ppb  ND ND X X ND 6.8 ND 11.8 9.0 ND ND ND X X X X 13.8 ND X X
DDE 4,4' ppb 58.7 62.3 X X 779 98.7 56.7 125 554 ND 26.0 8.6 X X X X 95.7 ND X X
DDT 4,4' ppb  ND ND X X ND ND ND ND ND ND ND ND X X X X ND ND X X
Dieldrin ppb  ND ND X X ND ND ND ND ND ND ND ND X X X X ND ND X X
Endrin ppb  ND ND X X ND ND ND ND ND ND ND ND X X X X ND ND X X
Endrin ppb  ND ND X X ND ND ND ND ND ND ND ND X X X X ND ND X X
aldehyde
Endosulfan | ppb  ND ND X X ND ND ND ND ND ND ND ND X X X X ND ND X X
Endosulfan Il ppb  ND ND X X ND ND ND ND ND ND ND ND X X X X ND ND X X
Endosulfan ppb  ND ND X X ND ND ND ND ND ND ND ND X X X X ND ND X X
sulfate
Heptachlor ppb  ND ND X X ND ND ND ND ND ND ND ND X X X X ND ND X X
Heptachlor ppb ND ND X X ND ND ND ND ND ND ND ND X X X X ND ND X X
epoxide
PCBs

Aroclor 1016 ppb  ND ND X X ND ND ND ND ND ND ND ND X X X X ND ND X X
Aroclor 1221  ppb  ND ND X X ND ND ND ND ND ND ND ND X X X X ND ND X X
Aroclor 1232 ppb ND ND X X ND ND ND ND ND ND ND ND X X X X ND ND X X
Aroclor 1242 ppb  ND ND X X ND ND ND ND ND ND ND ND X X X X ND ND X X
Aroclor 1248  ppb ND ND X X ND ND ND ND ND ND ND ND X X X X ND ND X X
Aroclor 1254 ppb  ND ND X X ND ND ND ND ND ND ND ND X X X X ND ND X X
Aroclor 1260  ppb ND ND X X ND ND ND ND ND ND ND ND X X X X ND ND X X
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Table 5-2 continued

Date Nov. Nov. Jly July July July July July July July July July July July July July July July July July

1999 1999 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Sample |.D. 1 2 1-A 1-B 2-A 2-B 3-A 3-B 4-A 4-B 5-A 5-B 6 7-A 7-B 8 9-A 9-B 10-A 10-B
Compound Units

Herbicides and | nsecticides

Alachlor ppb ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Atrazine ppb ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Bifenthrin ppb 0.2 0.1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Chlorfenapyr  ppb ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Chlorpyrifos ppb ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Cyanazine ppb  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
|-Cyhalothrin ~ ppb  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Methyl ppb 1.8 1.6 35 5.5 3.3 45 ND 3.6 3.8 2.0 ND ND 3.2 ND 2.9 3.4 1.9 ND 3.0 1.9
parathion

Metolachlor ppb ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Pendimethalin ~ ppb ND ND ND ND ND ND 0.9 ND ND ND ND ND ND ND ND ND ND ND ND ND
Trifluralin ppb ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Elements, Compounds, and other Sediment Properties

pH 6.9 6.8 X X X X X X X X X X X X X X X X X X
EC g{{‘hw 1.9 3.1 X X X X X X X X X X X X X X X X X X
SAR 0.4 0.4 X X X X X X X X X X X X X X X X X X
CEC 26.4 31.0 X X X X X X X X X X X X X X X X X X
ESP % 1.7 1.7 X X X X X X X X X X X X X X X X X X
Sodium ppm 101 125 X X X X X X X X X X X X X X X X X X
Potassium ppm 222 288 X X X X X X X X X X X X X X X X X X
Calcium ppm 3983 4646 X X X X X X X X X X X X X X X X X X
Magnesium ppm 669 798 X X X X X X X X X X X X X X X X X X
Oil & Grease % 0.06 0.01 X X X X X X X X X X X X X X X X X X
Moisture % 5.4 6.1 X X X X X X X X X X X X X X X X X X
Arsenic ppm 3.9 4.8 X X X X X X X X X X X X X X X X X X
Barium ppm 151 219 X X X X X X X X X X X X X X X X X X
Cadmium ppm 3.7 5.2 X X X X X X X X X X X X X X X X X X
Chromium ppm 178 28.3 X X X X X X X X X X X X X X X X X X
Lead ppm 10.3 152 X X X X X X X X X X X X X X X X X X
Mercury ppm 0.16 0.08 X X X X X X X X X X X X X X X X X X
Selenium ppm 055 0.34 X X X X X X X X X X X X X X X X X X
Silver ppm ND 0.37 X X X X X X X X X X X X X X X X X X
Zinc ppm 343 514 X X X X X X X X X X X X X X X X X X

ppm — parts per million; ppb— parts per billion; X — not tested; ND — not detected
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Table 5-3. Chemical analysisresultsfor sediment samplesobtained at Sugar Creek #14. USDA identification numbersare:
1—SC14-1, etc.

Date Nov. Nov.
1999 1999
Sample |.D. 1 2
Compound Units
Pesticides
Aldrin ppb ND ND
BHC-alpha ppb ND ND
BHC-beta ppb ND ND
BHC-delta ppb ND ND
BHC-gamma ppb ND ND
Chlordane ppb ND ND
Toxaphene ppb ND ND
DDD 4,4' ppb ND ND
DDE 4,4' ppb 9.8 9.2
DDT 4,4' ppb ND ND
Dieldrin ppb ND ND
Endrin ppb ND ND
Endrin aldehyde ppb ND ND
Endosulfan | ppb ND ND
Endosulfan 11 ppb ND ND
Endosulfan sulfate ppb ND ND
Heptachlor ppb ND ND
Heptachlor epoxide ppb ND ND
PCBs

Aroclor 1016 ppb ND ND
Aroclor 1221 ppb ND ND
Aroclor 1232 ppb ND ND
Aroclor 1242 ppb ND ND
Aroclor 1248 ppb ND ND
Aroclor 1254 ppb ND ND
Aroclor 1260 ppb ND ND
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Table 5-3 continued

Date Nov. Nov.

1999 1999
Sample |.D. 1 2
Compound Units

Herbicides and I nsecticides

Alachlor ppb ND ND
Atrazine ppb ND ND
Bifenthrin ppb ND ND
Chlorfenapyr ppb ND ND
Chlorpyrifos ppb ND ND
Cyanazine ppb ND ND
| -Cyhalothrin ppb ND ND
Methyl parathion ppb 2.1 3.6
Metolachlor ppb ND ND
Pendimethalin ppb ND ND
Trifluralin ppb ND ND

Elements, Compounds, and other Sediment Properties

pH 6.8 6.8
EC mmhos/cm 2.6 3.2
SAR 0.5 0.4
CEC 34.6 45.8
ESP % 1.8 14
Sodium ppm 141 142
Potassium ppm 389 427
Calcium ppm 4879 6972
Magnesium ppm 1049 1137
Oil & Grease % 0.07 0.07
Moisture % 6.43 7.51
Arsenic ppm 3.9 4.3
Barium ppm 188.1 210.6
Cadmium ppm 5.1 6.0
Chromium ppm 30.5 315
Lead ppm 15.6 17.11
Mercury ppm 0.1 0.07
Selenium ppm 0.13 0.47
Silver ppm 1.34 1.56
Zinc ppm 80.9 59.7

ppm — parts per million; ppb— parts per billion; X — not tested; ND — not detected
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Table 5-4. Chemical analysisresultsfor sediment samples obtained at Sergeant Major #4. USDA identification numbersare:
1—SM4-1, C1—SM 4-1, etc.

Date Nov. Nov. Nov. July July July July
1999 1999 1999 2000 2000 2000 2000
Sample |.D. 1 2 3 C1 c2 C3 c4
Compound Units
Pesticides
Aldrin ppb ND ND ND X X X X
BHC-alpha ppb ND ND ND X X X X
BHC-beta ppb ND ND ND X X X X
BHC-delta ppb ND ND ND X X X X
BHC-gamma ppb ND ND ND X X X X
Chlordane ppb ND ND ND X X X X
Toxaphene ppb ND ND ND X X X X
DDD 4,4 ppb ND ND ND X X X X
DDE 4,4 ppb ND ND ND X X X X
DDT 4,4' ppb ND ND ND X X X X
Dieldrin ppb ND ND ND X X X X
Endrin ppb ND ND ND X X X X
Endrin aldehyde ppb ND ND ND X X X X
Endosulfan | ppb ND ND ND X X X X
Endosulfan 11 ppb ND ND ND X X X X
Endosulfan sulfate ppb ND ND ND X X X X
Heptachlor ppb ND ND ND X X X X
Heptachlor epoxide ppb ND ND ND X X X X
PCBs

Aroclor 1016 ppb ND ND ND X X X X
Aroclor 1221 ppb ND ND ND X X X X
Aroclor 1232 ppb ND ND ND X X X X
Aroclor 1242 ppb ND ND ND X X X X
Aroclor 1248 ppb ND ND ND X X X X
Aroclor 1254 ppb ND ND ND X X X X
Aroclor 1260 ppb ND ND ND X X X X
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Table 5-4 continued

Date Nov. Nov. July July July July July

1999 1999 2000 2000 2000 2000 2000
Samplel.D. 1 2 1-A 1-B 2-A 2-B 3-A
Compound Units

Herbicides and | nsecticides
Alachlor ppb ND ND ND ND ND ND ND
Atrazine ppb ND ND ND ND ND ND ND
Bifenthrin ppb ND ND ND ND ND ND 3.7
Chlorfenapyr ppb ND ND ND ND ND ND ND
Chlorpyrifos ppb ND 0.2 ND ND ND ND ND
Cyanazine ppb ND ND ND ND ND ND ND
| -Cyhalothrin ppb ND ND ND ND ND ND ND
Methyl parathion ppb 3.8 2.6 2.1 ND ND ND 3.7
Metolachlor ppb ND ND ND ND ND ND ND
Pendimethalin ppb ND ND ND ND ND ND ND
Trifluralin ppb ND ND ND ND ND ND ND
Elements, Compounds, and other Sediment Properties
pH 7.9 8 8.1 7.9 8.6 8.1 7.8
EC mmhos 1.9 21 21 0.48 0.24 0.36 0.54
/cm

SAR 0.5 0.4 0.6 0.7 0.5 0.6 0.7
CEC 44.4 71.7 57.7 42.6 48.4 50.9 32.8
ESP % 1.7 12 1.8 1.9 15 1.9 2.6
Sodium ppm 176 193 237 188 166 220 195
Potassium ppm 76 104 130 95 125 94 92
Calcium ppm 7723 12720 9629 6836 7385 8362 4984
Magnesium ppm 599 872 1013 924 1277 967 831
Oil & Grease % 0.08 0.08 0.21 0.06 ND 0.04 0.06
Moisture % 31 2.8 3.7 6.1 15 8.8 2.6
Arsenic ppm 2.6 4.5 4.1 5.27 5.72 4.13 7.29
Barium ppm 162 180 184 171 226 144 153
Cadmium ppm 24 2.9 3.0 3.2 3.0 3.0 3.5
Chromium ppm 12 15 15 20 18 18 20
Lead ppm 6.7 8.6 9.9 5.2 4.0 4.5 5.7
Mercury ppm 0.04 0.08 0.08 0.002 ND 0.07 0.25
Selenium ppm 0.54 0.54 ND ND ND ND ND
Silver ppm 15 1.6 24 25 25 25 3.2
Zinc ppm 25 30 30 43 37 43 42

ppm — parts per million; ppb— parts per billion; X — not tested; ND — not detected
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5.2 Phase |l Results

5.2.1 Sediment Sampling Methods

As discussed previoudy, dl extracted cores were sampled for later agrichemica and
chemicd anadyss. Approximately 1 to 2 kg of sediment was obtained, integrated over
the entire core length or integrated over the lower-hdf or upper-hdf. Due to budgetary
congtraints, not all samples were analyzed. Of the 18 samples obtained a Sugar Creek
#12, only 10 were andyzed for priority pedicides and PCBs, dl were andyzed for
herbicides and specific insecticides, and no samples were andyzed for additiond
elements and compounds (Table 52; see Tables 1-1 and 1-2). Of the 4 samples obtained
a Sergeant Mgor, no samples were andyzed for priority peticides and PCBs, al were
andyzed for herbicides and specific insecticides, and dl were andyzed for additiond
dements and compounds (Table 54; see Tables 1-1 and 1-2). Sugar Creek #14 was not
part of Phase Il part of the project.

5.2.2 Agrichemical and PCB Analysis for Sugar Creek #12

The results of Phase |1l agrichemicd and PCB andyss are presented in Table 5-2 for
Sugar Creek #12 (November 1999). This table shows that, in generd, overdl sediment
qudity is good at each of these lakes. Two breakdown products of DDT, DDE and DDD,
were detectable in the Sugar Creek Watershed. Methyl parathion was dso detected in
trace amounts. No other agrichemicas were found. In addition, one sample (Core 3,
upper-hdf) was found to contain trace amounts of pendimethdin, a common herbicide
caled Prowl (Table 5-2).

These reaults corroborate the results reported in Phase 1. However, the concentrations of
DDE were found to be both less than and greater than those reported in Phase | (Table 5
2). While DDD was not found in the results of Phase |, it was detected in Phase Il. In
both cases, these breakdown products are shown to vary sgnificantly across the basin but
no spatid trend is observed (see Figure 4-6). The concentrations of methyl parathion
reported in Phase Il are very amilar to those reported in Phase | (Table 52), and methyl
parathion is nearly ubiquitousin the reservoir sediments.

5.2.3 Qil Field Contaminants, Sediment Parameters, Major Element, and Heavy Metal
Analysis for Sergeant Major #4

The andyticd results from Phase Il are in complete agreement with those from Phase |
(Table 5-4). Sediment pH, Sodium, Potassum, Cadcium, and Magnesum concentrations
are within expected ranges for sediments. Sediment eectrica conductivity (EC), Sodium
Absorption Ratio (SAR), Cation Exchange Capacity (CEC), and Exchangeable Sodium
Percentage (ESP) are within expected limits a these sStes.  Anayss of ol and grease
show the presence of only very smdl proportions of this contaminant. Heavy metd
concentrations are smilar in dl samples, and fall within expected concentration ranges.
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5.3 Phase || Radioactive Cesium Analysis and Results

Sdect cores were andyzed for radioactive Cesum (B'Cs; 30-year hdf-life) for the
purpose of dating sediment horizons.  Since '3’Cs is produced during nuclear fission, its
presence in the environment is due to nuclear testing or releases from nuclear reactors
(Ritchie and McHenry, 1990). First globa depostion of *’Cs occurred in 1954 and
maximum depostion occurred in 1964 in the Northern Hemisphere, rdlated to above
ground nuclear testing, and in 1980 (Europe) due to the Chernobyl nuclear accident.
Since ¥'Cs is strongly adsorbed on clay and organic particles and is essentidly non
exchangeable, its concentration can be used as a unique tracer for eroson and
sedimentation.  Rates of sediment accumulation can be cdcuated by knowing the depth
of these different *3"Cs horizons.

The following cores were chosen for *3’Cs andysis. 4, 7, and 9 from Sugar Creek #12,
and 1 and 4 from Sergeant Mgor #4. Sediment samples were obtained inclusively at
increments of 015 m a Sugar Creek #12 and 0.1 m a Sergeant Magor #4 and
encompassed the entire core length.  All samples were dried in a greenhouse, crushed,
and passed through a 2mm seve. A EL besker was filled with sediment, sedled, and a
gamma ray spectrometer was used to measure *3Cs emissions for a period of 30,000
seconds, providing measurement precision of +4 to 6% (Ritchie and Rasmussen, 2000).

All results from *3Cs analysis are presented in Table 55. These results in the context of
the stratigraphy within each basin will be discussed later.
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Table 5-5. Measured concentrations of **’Cs (Bq/g) for select sediment coresfrom
Sugar Creek #12 and Sergeant Major #4.

Core Depth Interval 'cS Error Core  Depthintervd ~ °'CS  Error
No. (i) (m) (Bd/g) No. (i) (m) (Bd/g)
Sugar Creek #12 Sergeant Major #4
4 0-6 0-0.15 0.0 1 0-4 0-0.10 6.23 161
6-12 0.15-0.30 2.76 057 4-8 0.10-0.20 876 146
12-18 0.30-046 153 3.56 8-12 0.20-0.30 933 115
18-24 0.46-061 165 051 12-16 0.30-041 7.00 1.27
24-30 0.61-0.76 5.20 0.57 16-20 0.41-051 969 1.13
30-36 0.76-0.91 1358 0.95 20-24 0.51-061 17.17 157
36-42 0.91-1.07 13.82 147 24-28 0.61-0.71 17.42 1.22
42-48 1.07-1.22 2276 152 28-32 0.71-0.81 26.76 1.73
48-54 1.22-1.37 26.62 1.68 32-36 0.81-091 5814 281
54-60 1.37-1.52 13.70 1.23 36-40 0.91-1.02 18.12 156
60-66 152-1.68 36.39 252 40-44 1.02-1.12 26.22 155
66-72 1.68-1.83 3227 191 44-50 1.12-1.27 7.07 0.88
72-78 1.83-1.98 4643 231
78-84 198-213 888 0.73 4 0-4 0-0.10 0.0
84-90 213-229 6.75 092 4-8 0.10-0.20 0.0
90-96 2.29-244 323 0.60 8-12 0.20-0.30 0.0
96-102 2.44-259 0.0 12-16 0.30-0.41 1141 2.03
102-108 2.59-2.74 0.0 16-20 0.41-051 1546 228
108-114 2.74-290 0.0 20-24 0.51-0.61 16.36 1.75
24-28 0.61-0.71 21.74 1.78
7 0-6 0-0.15 0.0 28-32 0.71-0.81 38.70 2.85
6-12 0.15-0.30 14.87 2.15 32-36 0.81-0.91 4046 246
12-18 0.30-0.46 1097 1.70 36-40 0.91-1.02 2331 2.05
18-24 0.46-0.61 16.04 1.37 40-44 1.02-1.12 1228 1.34
24-30 0.61-0.76 1294 194 44-48 1.12-1.22 0.0
30-36 0.76-0.91 1850 1.56 48-52 1.22-1.32 0.0
36-42 0.91-1.07 1783 1.70 52-56 1.32-1.42 0.0
42-48 1.07-1.22 1201 101 56-60 1.42-152 0.0
48-54  1.22-1.37 2692 198 60-64 1.52-1.63 0.0
54-60 1.37-152 21.30 1.71
60-66 152-1.68 2594 161
66-72 1.68-1.83 3353 221
72-78 1.83-1.98 2473 1.67
78-84 198-213 1578 1.06
84-90 213-229 0.0
90-94 229-239 00
9 0-6 0-0.15 0.0
6-12 0.15-0.30 4.85 0.69
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Table 5-5 continued

Core Depth Interval 3'CS  Error
No. (in) (m) (Bdg)

Sugar Creek #12
12-18 0.30-046 6.64 0.12
18-24 0.46-0.61 19.27 1.61
24-30 0.61-0.76 19.87 1.18
30-36 0.76-091 2424 170
36-42 0.91-1.07 26.08 2.03
42-48 1.07-1.22 289 0.47
48-54 1.22-1.37 0.0
54-60 1.37-1.52 426 0.64
60-66 152-1.68 0.0
66-72 1.68-1.83 0.0
72-78 1.83-1.98 0.0
78-84 198-213 0.0
84-92 213-234 0.0

5.4 Discussion

Results from the chemicd testing of the sediments from &l three reservoirs showed very
good ovedl sediment qudity. Contaminant andyss was based on representative
compounds likey to indicate contamination from different historicd and current land
uses. Results of contaminant anadlyss show minor contamination by resdua breskdown
products of DDT. The presence of DDE and DDD in sediment, a metabolite of DDT,
poses no hedth issue. Breakdown products of DDT are common in some reservoirs that
trap sediments (Cooper, 1991) from land farmed in the 1950's and 1960's. Metabolites
degrade quite dowly in anaerobic sediments for decades. The grester concentration
observed in Sugar Creek #12 reflects historical use and eroson rates. Methyl parathion, a
common insecticide, was found in low concentrations in dl three resarvoirs.  Detection
trends followed current land use.

Physcd and dementa properties that were measured fdl within expected ranges of
values for naturaly occurring sediments a dl three lakes and do not indicate any
potentid adverse effects on water qudity in the reservoirs.  Concentrations of metals in
reservoir sediments are bedow known toxic levels and cation concentrations are
balanced.
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6. Integration of Results

6.1 Radioactive Cesium Results and Sedimentation Rates

The concentration of *’Cs (becquerdls per gram; Bg/g) as a function of core depth is
shown in Fgure 6-1 for Sugar Creek #12 and Figure 62 for Sergeant Magor #4. For
Sugar Creek #12, a peak in the 3’Cs emissions occurs at a subsurface depth of 1.98 m for
Core 4, a 1.83 m for Core 7, and a 1.07 m for Core 9 (lower bound of histogram bar).
This pesk coincides with the 1964 pesk in *'Cs fdlout. Using this 1964 datum,
sedimentation rates from 1964 to the present are 55.0, 50.8, and 29.6 mm/yr or 0.067,
0.062, and 0.036 mm/ha-yr (using drainage basn area) based on Core 4, 7, and 9,
respectively.  Since the dam was congtructed in 1964, the sand deposited below these
dratigraphic levels (Figure 6-1) is interpreted as parent (pre-construction) materid.

Smilar pesks in the digribution of *’Cs and the demarcation of the 1964 datum are
observed in the cores taken at Sergeant Mgor #4 (Figure 62): at 091 m for both Core 1
and 4. From 1964 to the present, a sedimentation rate of 254 mm/yr or 0.017 mm/ha-yr
is deduced from these cores. Since the dam was constructed in 1955, the sand and gravel
located dratigraphicdly below the mud layers (Figure 62) are interpreted as parent (pre-
congruction) materid. Therefore during the period from 1955 to 1964, sedimentation
rates are 28.2 and 18.3 mm/yr or 0.019 and 0.012 mm/ha-yr based on Core 1 and 4,
respectively.  This proposd is subdantiated by the presence of dternating layers
(laminae) of black and brown mud interpreted as varves (Leeder, 1982).

In a number of samples near both the top and bottom of the cores, no 3’Cs was detected
(Figures 6-1 and 6-2). This lack of *’Cs emission is atributed to the presence of
sediment that has not been exposed to the atmosphere since 1954.

6.2 Stratigraphic Correation within Sugar Creek #12

With the ad of the physcd and chemicd results coupled with the *’Cs andyss
correlation of dratigrgphic horizons can be determined across the basin in Sugar Creek
#12. Three traverses across the basn shown in Figure 63 are illudtrated in Figures 64,
6-5, and 66. Each core was postioned with respect to the devation of the current lake
bottom and the distance across the reservoir (note vertical exaggeration). Also shown on
these figures is gran dze (top line, given as % sand/slt/cday), magnetic susceptibility
(middle line, given as 108 nm/kg), and color (on bottom and underlined, given as hue YR
value/chroma where YR is ydlow red). These corrdation methods were only partidly
successful due to the low number of sediment samples analyzed.

99



Sugar Creek #12

Core 4 Core 7 Core9
0.0
0.5+ -
E _ 1 1964
o 10 level
(@)
© I
u— 154 _|
g varved mud vaved |—L | 1964
e mud
T 20- level_
()]
2.5 -
3.0 =
35 — T T | — | B — — T T 1 T
clay siitsandgravel0 20 40 clay sltsandgravel 0 20 40 clay siltsandgravel O 13270 40
Grain Size 13'Cs Grain Size 'Cs Grain Size Cs
(Bd/g) (Ba/g) (Ba/g)

[ 1 mud U sandy mud B muddy sand [ sand
Figure6-1. Comparison of stratigraphic logsat Sugar Creek #12 with **’Csresults. The 1964 level isidentified and shown.
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Figure 6-2. Comparison of stratigraphic logsat Sergeant Major #4 with **’Csresults. The 1964 level isidentified and shown.
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Figure 6-3. Base map of Sugar Creek #12 showing the location of all sediment cores
(numbered) and the positions of the stratigraphic cross-sections depicted in Figures
6-4, 6-5, and 6-5 (dashed lines). All positionsarein UTM coor dinates.
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Figure 6-4. A north to south representation of the subsurface stratigraphy obtained at Sugar Creek #12 for Cores 2, 3, 4, and
8, placed relative to the current lake bottom and distance acrossthereservoir (note vertical exaggeration). Linesshow the
current lake bottom and the 1964 datum. The location of the sediment samples examined are shown by the tick marks, and
the number s beside each tick give grain size (top line, given as % sand/silt/clay), magnetic susceptibility (middle line, given as
10°® m®/kg), and color (on bottom and underlined, given ashue YR value/chroma where YR isyellow red). Refer to Figure 4-7
for legend.
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Figure 6-5. A north to south representation of the subsurface stratigraphy obtained at Sugar Creek #12 for Cores, 10, 6, and
5, placed relative to the current lake bottom and distance acrossthereservoir (note vertical exaggeration). Linesshow the
current lake bottom and the 1964 datum. The location of the sediment samples examined are shown by thetick marks, and
the numbersbeside each tick give grain size (top line, given as % sand/dlt/clay), magnetic susceptibility (middle line, given as
10°® m®/kg), and color (on bottom and underlined, given as hue YR value/chromawhere YR isyellow red). Refer to Figure4-7
for legend.
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Figure6-6. A west to east representation of the subsurface stratigraphy obtained at Sugar Creek #12 for Cores9, 1, 7, and 2,
placed relativeto the current lake bottom and distance acrossthereservoir (note vertical exaggeration). Linesshow the
current lake bottom and the 1964 datum. The location of the sediment samples examined are shown by thetick marks, and
the number s beside each tick give grain size (top line, given as % sand/silt/clay), magnetic susceptibility (middle line, given as
10" m*/kg), and color (on bottom and underlined, given ashue YR value/chromawhere YR isyellow red). Refer to Figure4-7

for legend.
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6.2.1 North to South Traverse on Eastern Sde of Reservoir

This traverse darts near the northeast corner of the basin, runs essentidly paradle to the
embankment toward the tributary entering the southern end of the reservoir (Figures 6-3
and 64). The 1964 datum determined for Core 4 can be extended with certainty toward
the north. Several sand layers were deposited after 1964 near the tributary source, some
as thin as 10 mm. One sand unit in Core 8 can be corrdated to Core 4 (Figure 6-4), and it
most likely becomes the muddy sand unit in Core 3. Moreover, the thin-bedded sand
units near the base of Core 8, demarcated by aternating red and brown colors, probably
corrdlate with the sand lenses in Core 4 dthough the latter are separated by decimeter-
scde layers of dit and clay. While there are some observable sand deposits, most of the
sediment that has accumulaied dong the traverse is Sit and cday in nealy equd
proportions (see Table 4-1).

6.2.2 North to South Traverse on Western Sde of Reservoir

This traverse dats near the northwest corner of the basn, runs essentidly southward
toward the tributary entering the southwestern end of the resarvoir (Figures 63 and 65).
The 1964 datum deduced for Core 1 in Fgure 6-4 can be extended with certainty toward
the south. Severd sand layers were deposited after 1964 near the tributary source,
especialy near the top of Core 5. The muddy sand unit near the base of Core 6 probably
correlates with one of the sand lenses in Core 5. While there are some observable sand
deposits, mogt of the sediment that has accumulated dong the traverse is st and cay in
nearly equa proportions (see Table 4-1).

6.2.3 West to East Traverse

This traverse garts in the northwest corner of the lake near one of the main tributaries and
extends eastward toward the deepest part of the reservoir near the embankment (Figures
6-3 and 6-6). The 1964 datum deduced by the **’Cs results can be extended with
certainty across the entire basn.  As this time line coincides with the condruction of the
dam, dl sand and gravel present at depths greater than about 1.5 m is consdered pre-
congruction materid. Near the tributary source (western dde), there are severd sand
deposits younger in age than 1964, some as thin as 30 mm. Yet none of these sand units
extends into the deeper pat of the basn. Volumetricdly, st and clay in approximately
equal proportions dominate the sediment deposit dong this traverse.

6.3 I sopach Map of the Sediment Impounded at Sugar Creek #12

With the dratigraphic interpretations complete, a map showing the thickness of the
deposited sediment in the reservoir at Sugar Creek #12 can be congtructed (Figure 67).
This map is based on the 10 cores extracted and the contours were constructed using
commercially avallable software. Care was taken not to extend the contour lines outside
the data area.
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Figure 6-7 shows that sediment is thickest in the northern part of the basin, near the
northwest tributary. Localy thick accumulations occur near the southern tributaries.
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Figure 6-7. Base map of Sugar Creek #12 showing the thickness of deposited
sediment (isopachs) based on the interpreted sediment cores. All positionsarein
UTM coordinates.

108



6.4 Seismic Stratigraphy in Sergeant Major #4

The seismic records a Sergeant Mgor #4, which are of higher qudity than those at Sugar
Creek #12 and #14, are examined here more carefully. Since sediment cores were
obtained in the vicinity of the seismic lines the seismic records may share some of the
characteristics digplayed in the sediment cores.

The location of three sediment cores (Cores 1, 2, and 3) are the short seilsmic segments
andyzed further are shown in Fgure 6-8. These saismic lines were processed as
previoudy described (see 83.2), but the seismic horizons are identified with grest rigor
and care.

Along the northern tributary (Figure 6-8), three seiamic horizons are identified: the fluid-
sediment interface and two discontinuous seismic horizons a depth. Core 1 is located
aoproximately near the center of the inst on Fgure 6-9, and the seismic horizons are
compared to the dratigraphic column in Fgure 6-10. The shdlow seismic horizon is
correlated in space to the thin sand unit within the thick mud layer, while the deeper
seiamic horizon is corrdated to the dratigraphic boundary between the mud and the sand
and gravel layer. This sand and gravel layer has been interpreted to be parent (pre-
constructiond) materid (see 86.1).

Along the centrd tribuary (Figure 6-8), three sdismic horizons are smilarly identified
(Figure 611). Core 2 is located approximately near the center of the inset on Figure 6
11, and the seismic horizons ae compared to the dratigraphic column in Figure 6-12.
The dhdlow saismic horizon is correlated in space to the dratigraphic boundary between
the mud and sand, while the deeper seismic horizon is corredated to ether the top or
bottom of one of the sand units at depth.

The sdsmogram dong the southern tributary (Figure 6-8), shows only two seismic
horizons the fluid-sediment interface and one seismic horizon a depth (Figure 6-13).
However, it is quite gpparent that additiona seismic energy is present at depth. Core 3 is
located gpproximately near the center of the inset on Figure 613, but the degper seismic
horizon bears little resemblance to the dratigrgphic column (Figure 6-14). One could
make a case for identifying a degper saamic horizon that would correlate to the
gratigraphic boundary between the mud and sand (Figure 6-14).

The decimeter-scae variation observed between the sdsmic horizons and  the
dratigraphic columns can be relaed to the assumed veocity within the sediment and the
accuracy of the pogtioning systems. Here a congant velocity for the propagation of
segmic waves, 1500 m/s, is used to trandform the seigmic arivd times into spatid
digances. This velocity will depend on a least the physicd properties of the water and
sediment.  In addition, the resolution of the coordinate systems used can be as much as +4
m. This is egpecidly true for the military-grade receiver that could not be differentidly
corrected.  Such discrepancies in velocity and postion could produce variaions in the
depth and thickness of the seismic horizon. Moreover, there is no presumption that every
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saigmic horizon identified with rigor and care can be correlated to a Sratigraphic horizon,
and viceversa
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Figure 6-8. Base map of Sergeant Major #4 showing tracesfor all seismiclines.
Three segments closeto sediment cores 1, 2, and 3 arediscussed in text. All
positionsarein UTM coordinates.
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Figure 6-9. Seismogram from Sergeant Major corresponding to Core 1 (Figure 6-8). Solid linesareinterpreted seismic

reflectorsidentified and verified. Depth and length scales are shown. Approximate location of Core 1 iswithin center of inset.
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Figure 6-10. Seismogram from Sergeant Major at the approximate location of Core 1 and itsinterpretation (see Figures 6-8
and 6-9; see Figure 4-13for stratigraphic legend). Depth and length scales are shown.
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Figure 6-12. Seismogram from Sergeant Major at the approximate location of Core 2 and itsinterpretation (see Figures 6-8
and 6-11; see Figure 4-13for stratigraphic legend). Depth and length scales are shown.
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Figure 6-13. Seismogram from Sergeant Major corresponding to Core 3 (Figure 6-8). Solid linesareinterpreted seismic
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6.5 Effect of Land Use on Sedimentation

6.5.1 Sugar Creek #12

Higtoric land use data for the environs of Sugar Creek #12 shows that between the mid-
1960's and the mid-1980's apparently al forested areas were converted to cropland that
included peanuts, cotton, and smal grans (see 821). Snce the mid-1980's,
aoproximately 40% of the cultivated land has been converted to pasturdand with no
change in the amount of grasdand and tree-lined drains. Clearly, the converson of
forested areas to cropland would result in higher ssdiment yidds and an increese in
resarvoir sedimentation.  The relaively high rates of sedimentation observed a Sugar
Creek #12, 55.0, 50.8, and 29.6 mm/yr or 0.067, 0.062, and 0.036 mm/ha-yr, reflect this
basin-wide changein land use.

It should be noted that according to USDA-NRCS personnd, the main stream supplying
the reservoir is consdered ungtable due to the presence of actively migrating knickpoints.
These ungtable channds can be a dgnificant source of sediment within the watershed.
Reported eroson rates for actively degrading stream channels can be as much as 11
million tons of sediment per year (Smon, 1989). In northern Missssppi, about 190,000
tons of sediment per year were discharged from 12.4 km of Hotophia Creek (Little and
Murphey, 1981).

6.5.2 Sergeant Major #4

Higtoric land use data for the environs of Sergeant Mgor #4 show that since 1960 much
of the cropland has been converted amost entirdy to seeded native mix (see §2.3). This
converson from a rangdand and cultivated watershed to a predominantly rangeland and
grasdand watershed with minor amounts of cropland and pasturdand would result in
lower sediment yields and a decrease in reservoir sedimentation.  The relaively low rates
of sedimentation observed a Sergeant Maor #4, 254 mm/yr or 0.017 mm/ha-yr snce
1964 and 28.2 and 18.3 mm/yr or 0.019 and 0.012 mm/ha-yr from 1956 to 1964, reflect
the land use within the region.

6.6 Discussion

The distribution of radioactive **’Cs emissons fadilitated the identification of the 1964
timeline within the sediments a both Sugar Creek #12 and Sergeant Mgor #4. Since the
dam a Sugar Creek #12 was built in 1964, the 1964 timeline dso delineated the post-
condruction sediments from the pre-condruction or parent materids. Average
sedimentation rates from 1964 to the present time can be cdculated and an isopach map
of the distribution of deposited sediment can be congtructed.

At Sergeant Mgjor #4, the 1964 timeline based on the distribution of *3’Cs emissions was

determined. Since the dam was congtructed in 1956, the sand and gravel deposits located
gratigraphically below the 1964 horizon ae interpreted as parent materid.  This
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interpretation alowed for the cdculation of average sedimentation rates to be determined
for the period from 1956 to 1964 in addition to rates from 1964 to the present.

The relatively high rates of sedimentation observed at Sugar Creek #12 are related to a
basn-wide conversion of forested areas to cropland and knickpoint eroson and channd
degradation above the reservoir.  The converson of cropland to native seed grasses
within the watershed of Sergeant Maor #4 has resulted in relatively low raes of
Sedimentation.

Mog of the sediment that has accumulated in the reservoir a Sugar Creek #12 is
composed of glt and day, with clay in dightly greater proportion. Any depostion of
sand is restricted to near the tributary sources. The sediment deposited in Sergeant Mgor
#4 is composed of sand, Slt, and clay, with sgnificantly more gt than clay.

Seigmic data obtained in the vicinity of the sediment cores a Sergeant Mgor #4 show
some agreement with the dratigrgphic columns.  However, comparing seismographs to
dratigraphic or sedimentologicd data ae inherently problematic because a seismic
horizon need not be a Stratigraphic boundary.
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7. Recommendations

The following are recommendations for future studies based on the experiences presented
herein.

1. Geophyscd techniques offer unrivaled opportunities to visudize the subsurface
dretigrgphy  within sediment-laden reservoirss. The cost of such sysems as used
herein can range from $50,000 to $100,000, which is not terribly expensve.
However, the geophysicd technique and the environment in which it is goplied pose
additiond chalenges.

One difficulty in usng any geophyscd technique is the amount of prior knowledge
the user requires for obtaining the data and the amount of post-processing required to
reduce the data to a usesble format. The system used herein required little prior
knowledge to operate, dmost plug-and-play, but it did require extensve knowledge
and training for processng the collected data. In addition, post-processng software
or the contracting of such processng can be very expensive, tens of thousands of
dollars or upwards of $500 per day.

In addition, shdlow water environments require very specidized equipment for
optima performance. The system used here did not perform well in water depths less
than about 0.6m (2-ft) because the saismic source was too powerful, the shot length
was too long, and the position between the seismic source and receiver was too large.
Because of this, the sdamic recever was dready recording incoming information
while the saismic source was gill discharging it and reverberations or multiple sgnds
were too numerous. Modifications can be made to accommodate these shallow water
environments typicaly of flood control reservoirs, but this would take additiona
resources.

It should be noted that another device is currently avalable for subsurface data
collection. Dunbar e d. (1999) have deveoped a sdf-contaned multifrequency
acoudic profiling sysem tha employs a high frequency precison fathometer, four
lower frequencies for sediment profiling, an in-line DGPS systlem, and processng
software. With the sediment acougtic velocity calibrated, successful acoudtic profiles
were obtained a Waco Lake in water depths up to 18 m and with sediment thickness
less than 2 m. Under optimum conditions, sub-centimeter verticd resolution is

possible.

2. A vibracoring sysem is a muchrused and smple technique for obtaining continuous,
undisturbed sediment cores within reservoirs as wel as many other environments.
Such systems can be purchased or constructed for $10,000 to $20,000. No other
technique ensures that the complete sediment column is recovered undisturbed.  All
sediment sampling and characterization can be routindy made once a complete core
isextracted. The system used here performed reasonably well.
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3. The decison to run particular chemica anayses were based on (@) known historica
land use practices, information such as crops and treatments and (b) screenings of
common agrichemicds and contaminants typicdly found in agriculturd regions.
Envirormenta chemistry laboratories are quite common across the U.S, each
offering an aray of savices to determine the qudity of sediment.  Typicaly,
laboratories offer pre-defined screenings of mgor dement, contaminants, or
agrichemicds. These screenings normaly include heavy metds and other dements,
herbicides, organophosphorus  pedticides, and  priority  pollutant  pesticides
(organochlorine pesticides) and PCBs.  Each screening may cost from $100 to $500,
but one sample may require multiple screenings.  Moreover, there are dozens of
commonly used agrichemicas that are not andyzed in these pre-defined screenings,
each cogting an additional $100 to $200. It is easy to see that chemica anaysis can
become quite expensve. Knowledge of higtoric land use could focus the andytica
work, thus improve the assessment of sediment qudity. Without any information on
previous land use, typicd screenings offered by environmental chemigtry laboratories
is recommended.

The interpretation of chemicd results would be greetly facllitated by knowing the
toxicity levels of the dement or compound in question. A detaled lising of toxicity
levels has been provided in the Appendix, but these may be superceded by loca or
date regulations. In addition, there is at present no definitive source for acquiring
such information on recommended limits.  State environmenta agencies and the U.S.
Environmenta Protection Agency should be consulted for guidance on these matters.

One additiond concern is the question of “representability” (sic). All samples
andyzed herein are depthrintegrated; that is, the sediment was averaged over length
of core. The composte sample was further subdivided by the laboratory technician.

Hence, there may exig specific horizons with chemicas present that were not
identified or concentrations in excess of those reporting. This question of securing a
representative sediment sample for analysisis not trivial.
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8. Conclusions

Since 1944, the USDA-NRCS has constructed over 10,000 upstream flood control dams
in 2000 watersheds in 47 dates, each with a design life of 50 years. The watershed
projects, which represent a $14 billion infrastructure, have provided flood contral,
municipal  water supply, recregtion, and wildlife habitat enhancement.  Because of
population growth and land use changes through time, sediment pools are filling, some
dructurd components have deteriorated, safety regulations are dricter, and the hazard
classfication for some dams has changed.

Before any rehabilitation drategy can be desgned and implemented, the sediment
impounded by these dams must be assessed in terms of the dructure's efficiency to
regulate floodwaters and the potentid hazard the sediment may pose if reintroduced into
the environment. To this end, a demondration project was dedgned to evauae
technologies, methodologies, and protocols for the cod-effective characterization of
Sediment.

For a given lake within an embankment flood control Structure, the USDA-NRCS needs
to determine (1) the thickness of sediment deposted, (2) the rates of sedimentation, (3)
the qudity of sediment with respect to agrichemicds (rdlated to agriculturd practices)
and petrochemicds (rdated to hydrocarbon extraction, drilling, and wel development),
and (4) the spatid didribution of the sediment qudity. Based on vidts to the reservoirs
in Oklahoma and discussons with the USDA-NRCS, the USDA-ARS Nationd
Sedimentation Laboratory and its colleagues recommended the use of seismic surveying,
vibracoring, and detalled chemica andyss to characterize the qudity and quantity of
sediment within these reservoirs.

Three fidld dtes were chosen for this demondration project. Sugar Creek #12 is located
near Hinton, OK, and it is a reatively smdl lake with a mud bottom and fairly shdlow
water depths.  The man dream supplying the lake is consdered ungtable due to the
presence of activdy migrating knickpoints, and excessve sedimentation rates have
ggnificantly decreased storage capacity. Moreover, higtoric land use of cultivated fields
of cotton and peanuts suggests that agrichemicas may be present in the lake sediments.
Sugar Creek #14 is dso located near Hinton, OK, and it is a rdatively smdl lake with a
mud bottom and fairly shdlow water depths Higoric land use incudes a smal amount
of cultivated fiedds of cotton and peanuts, but prdiminary surveys indicate that
sedimentation rates were not as high here as they were at Sugar Creek #12. Sergeant
Magor #4 is located near Cheyenne, OK and is a moderatedly sized sructure with a
reservoir covering an area of about 35 acres. This Ste was chosen because it has become
the sole municipd source of water for the town of Cheyenne, and preserving water
qudity isamgor concern.

In November 1999, seismic surveys of each lake were conducted and shdlow sediment
cores were collected for prdiminay qudity andyss. In June 2000, continuous,
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undisturbed sediment cores were obtained a Sugar Creek #12 and Sergeant Mgor #4
usng a vibracoring sytem. The physcd, chemicd, agrichemicd, and contaminant
characteridics of the sediment within these cores were determined. Below are the maor
conclusons of the study.

1.

Saigmic profiles were successfully obtained in each of the three reservoirs in
Oklahoma. However, the very shallow water depths at Sugar Creek #12 and Sugar
Creek #14 caused unwanted noise in the saismic dgnd, and the processed data are
virtudly impossible to interpret.

The sdsmic profiles a Sergeant Mgor #4 show a number of digtinct interpreted
saigmic reflectors in the subsurface.  These reflectors range in thickness from 0.1 to
0.5 m and occur at depths of up to 1.5 m below the sediment bed. Severa reflectors
can be traced up to 80 m across the lake, while others appear to be restricted to the
topographicaly low regions. Reflector thickness appears to be greatest dong the
northwestern tributary arm, while the thinnest reflectors occur dong the smal centra
tributary am. Nonethdess, reflectors were ubiquitous in al regons of the lake.
These reflectors, however, are unverified.

Ten continuous, undisturbed cores of lake sediment were successfully obtained a
Sugar Creek #12. These cores ranged in length from 1.3 to 3.1 m and were extracted
from water depths ranging from 0.5 to 3 m. In generd, the cores are composed of
sand, slt, and clay. In places, dternating layers of black and brown st and clay are
present, and these are interpreted as varves. Very thick accumulations, up to 24 m,
of dlt and cdlay are common and virtudly no grave is observed. These slt-day units
generdly have dightly more day than dlt. The amount of Sit and day is pogtivey
cordlated with the amount of cabon, nitrogen, and high vadues of magnetic
susceptibility.

Four continuous, undisturbed cores of lake sediment were successfully obtained at
Sergeant Maor #4. These cores ranged in length from 1.3 to 1.6 m and were
extracted from water depths ranging from 1 to 12 m. In generd, the cores are
composed of gravel, sand, slt, and clay. Very thick accumulations, up to 1.1 m, of
dlt and clay are common, but dso common are large sand accumulations of up to 1
m. The sediments are poorly sorted, and the amount of dlt is generdly two to three
times grester than clay. Graved is common near the base of many cores. Little
corrdaion is obsarved amongst the physcd and chemicd characterigics of the
Sediment.

The andyds of sediment qudity indude examining for 18 different priority pollutant
pesticides, 7 different PCBs, 11 different insecticides and herbicides, and 14 different
heavy metds, dements, and other contaminants. A totd of 34 sediment samples from
Sugar Creek #12, 6 sediment samples Sugar Creek #14, and 17 sediment samples
from Sergeant Mgor #4 were andyzed in this sudy. Results from testing sediments
from dl three resarvoirs show very good overdl sediment qudity. Results of
contaminant analyss show minor contamination by resdud breskdown products of
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DDT. The presence of DDE and DDD in sediment, a netabolite of DDT, poses no
hedth issue and is common to many reservoirs that trap sediments from land farmed
in the 1950's and 1960's. The greater concentration observed in Sugar Creek #12
reflects historical use and eroson rates. Methyl parathion, a @mmon insecticide, was
found in low concentrations in al three reservoirs.  Detection trends followed current
land use. Generd andyss of ol and gresse shows the presence of only smal
proportions of this contaminant. Physcd and eementa properties that were
measured fal within expected ranges of vaues for naturdly occurring sediments at
al three lakes and do not indicate any potentid adverse effects on water quality in the
reservoirs.  Concentrations of metas in reservoir sediments are beow known toxic
levels, and cation concentrations are balanced.

. Pesks in the concentration of *’Cs emissions, corresponding the 1964 datum, occur
in subsurface sediments a both Sugar Creek #12 and Sergeant Mgor #4. Using this
1964 datum, sedimentation rates from 1964 to the present in Sugar Creek #12 are
55.0, 50.8, and 29.6 mm/yr or 0.067, 0.062, and 0.036 mm/ha-yr based on core data
Similar pesks in the distribution of 3'Cs and the demarcation of the 1964 datum are
observed in the cores taken a Sergeant Mgor #4. From 1964 to the present, a
sedimentation rate of 254 mm/yr or 0.017 mnvha-yr is deduced from these cores.
Since the dam was congructed in 1955, the sand and gravel located dratigraphicaly
below the mud layers are interpreted as parent (pre-condruction) materid. Therefore
during the period from 1955 to 1964, sedimentation rates are 28.2 and 18.3 mm/yr or
0.019 and 0.012 mm/ha-yr based on core data.

. Correation of sediments within the reservoir a Sugar Creek #12 was made possible
using dl of the physcd and chemicd information avallable Mog of the sediment
that has accumulated within this basin is dlt and day in nearly equd proportions,
while sand depodtion is redricted to the tributary sources. A contour map of
deposited sediment thickness shows that sediment is thickest in the northern part of
the basin, near the northwest tributary. Locdly thick accumulaions occur near the
southern tributaries.

. The relatively high rates of sedimentation observed at Sugar Creek #12 ae related to
a basn-wide converson of forested areas to cropland and knickpoint erosion and
channd degradation above the reservoir. The converson of cropland to native seed
grass=s within the watershed of Sergeant Mgor #4 has resulted in relaively low rates
of sedimentation.

. Sdect, higher quality seismic records from Sergeant Mgor #4 are shown to correlate
to some of the dratigrgphic boundaries observed in the sediment cores. However,
comparing sasmographs to draigraphic or sedimentological data are inherently
problematic.
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Appendix: Summary of carcinogenic levelsfor chemicals and
compounds.

***  MPORTANT DISCLAIMER***
The USDA-ARS National Sedimentation Laboratory does not advocate nor enforce the
suggested regulatory levels for the chemicads and compounds listed. Other federa and
date regulatory bodies with proper authority and jurisdiction can and will supersede the
information provided herein. These data should not be used for any purpose other than
for background information. The USDA-ARS Nationd Sedimentation Laboraory is
exonerated from any errors or inaccuracies reported herein.

Introduction

Summarized in table form is a liging of dl chemicds and compounds andyzed in the
report. There is no definitive source for toxicity levels for the chemicas and compounds,
only sparse recommendations. The mgority of the information comes from the U.S.
Environmental Protection Agency Office of Water and can be found a the web address
www.epa.gov/safewater/mcl.html (see  dso  www.epg.gov/regores). Additiond
information can be obtained from Linda Faulk, EPA Region 6, fak.linda@epagov, td.
214-665-8535.

Tables are subdivided into use of chemica (H is a herbicide, | is an insecticide), where
and in what capecity the materid is located (resdentid soils, Table A-1; indudrid soils
for an indoor worker, Table A-2; industrial soils for an outdoor worker, Table A3; and
ambient air and tap water, Table A4), and the type of exposure (inhaation, application to
kin (derma), and ingedtion). If there are no vaues liged for a particular chemicd of
compound, there are three possble reasons. (1) it may not be regulated by the EPA,
and/or (2) it may be on the Nationd Recommended Water Quality Criteria, and/or (3) it
may be on the Find Revisions to the Unregulated Contaminant Monitoring List.

Key Definitions

The National Primary Drinking Water Regulations (NPDWRs or primary standards)
are legdly enforcesble standards that apply to public water systems. Primary standards
protect drinking water quality by limiting the levels of spedific contaminents that can
adversdy affect public hedth and are known or anticipated to occur in public water
systems.

Contaminants not included in the primay dandards may be found in the National
Secondary Drinking Water Regulations (NSDWRs or secondary standards). These
sandards are non-enforcegble guiddines regulaing contaminants tha may cause
cosmetic effects (such as skin or tooth discoloration) or aesthetic effects (such as taste,
odor, or color) in drinking water. EPA recommends secondary standards to water
systems but does not require systems to comply. However, states may choose to adopt
them as enforceable standards.
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MCLG — Maximum Contaminant Levd God is the maximum levd of a contaminant in
drinking water & which no known or anticipated adverse effect on the hedth effect of
persons would occur, and which alows for and adequate margin of safety. MCLGs are
non-enforcesble hedth gods.

MCL — Maximum Contaminant leve is the pemissble level of a contaminant in weter,
which is ddivered to any user of a public water sysem. MCLs are enforcegble standards.
The margins of safety in MCLGs ensure that exceeding the MCL dightly does not pose
sgnificant risk to public heslth.

Cancer Risk — All levels reported are based on carcinogenicity risk of 10°. Alternate
risk levels may be obtained by moving the decimd point.
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Table A-1. Summary of carcinogenic levelsfor chemicals and compounds found in

residential soils.

Inhde Dermd Ingest

Compound/Chemica Name Trade Name Use (ppm) (ppm) (ppm)

Alachlor Lasso H 110000 25 8

Aldrin Aldrex I 520 0.12 0.038

Arsenic (noncancer endpoint)

Arsenic (cancer endpoint) 590 4.5 0.43

Atrazine (multiple) H 40000 9.1 2.9

Barium and compounds

BHC Alpha I

BHC Beta I

BHC Ddta I

BHC Gamma Lindane I

Bifenthrin Tddar I

Cadmium and compounds 1400

Chlordane (multiple) I 25000 14 18

Chlorfenapyr Pirate

Chlorpyrifos Lorsban I

Totd Chromium (1/6 ratio Cr 210

VI/ CrIll)

Cyanazine H 11000 2.4 0.76

| -Cyhdothrin Karate I

DDD TDE I 37000 28 2.7

DDE I 26000 20 1.9

DDT (multiple) I 26000 20 1.9

Diddrin Dieldrex I 550 0.13 0.04

Endosulfan-dpha Endosulfan I

Endosulfan-beta I

Endosulfan Sulfate

Endrin Endrex I

Endrin Aldehyde

Heptachlor (same) I 1900 0.45 0.14

Heptachlor Epoxide (same) I 970 0.22 0.70

Lead

Mercury and compounds

Mercury (elementd)

Methyl Parathion (same) I

Metolaclor Dud I

Pendimethdin Prowl H

Polychlorinated Biphenyls 4400 0.72 0.32
Aroclor 1016 PCBs 130000 21 9.1
Aroclor 1221 PCBs 4400 0.72 0.32
Aroclor 1232 PCBs 4400 0.72 0.32
Aroclor 1242 PCBs 4400 0.72 0.32
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Table A-1 continued

Inhde Derma Ingest
Compound/Chemica Name Trade Name Use (Ppm) (ppm) (ppm)
Aroclor 1248 PCBs 4400 0.72 0.32
Aroclor 1254 PCBs
Aroclor 1260 PCBs 4400 0.72 0.32
Sdenium
Silver and compounds
Toxaphene (multiple) I 7900 1.8 0.58
Triflurdin Treflan H
Zinc
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Table A-2. Summary of carcinogenic levelsfor chemicals and compounds found in
industrial soilsfor an indoor worker.

Inhde Ingest

Chemica/Compound Name Trade Name Use (ppm) (ppm)

Alachlor Lasso H 240000 100

Aldrin Aldrex I 1100 0.48

Arsenic (noncancer endpoint)

Arsenic (cancer endpoint) 1300 55

Atrazine (multiple) H 86000 37

Barium and compounds

BHC Alpha I

BHC Beta I

BHC Ddta I

BHC Gamma Lindane I

Bifenthrin Tddar I

Cadmium and compounds 3000

Chlordane (multiple) I 54000 23

Chlorfenapyr Pirate

Chlorpyrifos Lorsban I

Totd Chromium (1/6 ratio Cr 450

VI/ CrIll)

Cyanazine H 22000 9.7

| -Cyhdothrin Karate I

DDD TDE I 78000 34

DDE I 55000 24

DDT (multiple) I 55000 24

Diddrin Dieldrex I 1200 0.51

Endosulfan-dpha Endosulfan I

Endosulfan-beta I

Endosulfan Sulfate

Endrin Endrex I

Endrin Aldehyde

Heptachlor (same) I 4100 18

Heptachlor Epoxide (same) I 2100 0.90

Lead

Mercury and compounds

Mercury (elementd)

Methyl Parathion (same) I

Metolaclor Dud I

Pendimethdin Prowl H

Polychlorinated Biphenyls 9400 41
Aroclor 1016 PCBs 270000 120
Aroclor 1221 PCBs 9400 4.1
Aroclor 1232 PCBs 9400 4.1
Aroclor 1242 PCBs 9400 4.1
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Table A-2 continued

Inhde Ingest
Chemica/Compound Name Trade Name Use (Ppm) (ppm)
Aroclor 1248 PCBs 9400 4.1
Aroclor 1254 PCBs
Aroclor 1260 PCBs 9400 4.1
Sdenium
Silver and compounds
Toxaphene (multiple) I 17000 74
Triflurdin Treflan H
Zinc
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Table A-3. Summary of carcinogenic levelsfor chemicals and compounds found in
indusgtrial soilsfor an outdoor worker.

Inhde Dermd Ingest

Compound/Chemical Name Trade Name Use (ppm) (ppm) (ppm)

Alachlor Lasso H 290000 67 44

Aldrin Aldrex I 1400 0.32 0.21

Arsenic (noncancer endpoint)

Arsenic (cancer endpoint) 1600 12 2.4

Atrazine (multiple) H 110000 24 16

Barium and compounds

BHC Alpha I

BHC Beta I

BHC Ddta I

BHC Gamma Lindane I

Bifenthrin Tddar I

Cadmium and compounds 3700

Chlordane (multiple) I 67000 39 10

Chlorfenapyr Pirate

Chlorpyrifos Lorsban I

Totd Chromium (1/6 ratio Cr 560

VI/ CrIll)

Cyanazine H 28000 6.5 4.3

| -Cyhdothrin Karate I

DDD TDE I 98000 75 15

DDE I 69000 53 11

DDT (multiple) I 69000 53 11

Diddrin Didldrex I 1500 0.34 0.22

Endosulfan-dpha Endosulfan I

Endosulfan-beta I

Endosulfan Sulfate

Endrin Endrex I

Endrin Aldehyde

Heptachlor (same) I 5200 12 0.79

Heptachlor Epoxide (same) I 2600 0.60 0.39

Lead

Mercury and compounds

Mercury (elementd)

Methyl Parathion (same) I

Metolaclor Dud I

Pendimethdin Prowl H

Polychlorinated Biphenyls 12000 19 1.8
Aroclor 1016 PCBs 340000 55 51
Aroclor 1221 PCBs 12000 19 18
Aroclor 1232 PCBs 12000 19 18
Aroclor 1242 PCBs 12000 1.9 1.8
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Table A-3 continued

Inhde Derma Ingest
Compound/Chemica Name Trade Name Use (Ppm) (ppm) (ppm)
Aroclor 1248 PCBs 12000 1.9 1.8
Aroclor 1254 PCBs
Aroclor 1260 PCBs 12000 19 18
Sdenium
Silver and compounds
Toxaphene (multiple) I 21000 4.9 3.3
Triflurdin Treflan H
Zinc

133



Table A-4. Summary of carcinogenic levelsfor chemicalsand compounds found in
ambient air and tap water.

Ambient Tap Water
Air

Compound/Chemica Trade Cancer MCLG MCL Cancer
Name Name Use Risk (ppb) (ppb) Risk

(ippb) (ppb)
Alachlor Lasso H 0.084 2.0 0.84
Aldrin Aldrex I 0.00039 0.004
Arsenic (noncancer 50
endpoint)
Arsenic (cancer 0.00045 0.045
endpoint)
Atrazine (multiple) H 0.031 3.0 3.0 0.3
Barium and 2000 2000
compounds
BHC Alpha I
BHC Beta I
BHC Ddta I
BHC Gamma Lindane |
Bifenthrin Tdstar I
Cadmium and 0.0011 5.0 5.0
compounds
Chlordane (multiple) I 0.019 2.0 0.19
Chlorfenapyr Pirate
Chlorpyrifos Lorsban I
Tota Chromium (1/6 0.00016 100 100
ratio Cr VI/ Cr 1)
Cyanazine H 0.0080 0.080
| -Cyhdoathrin Karate I
DDD TDE I 0.028 0.28
DDE I 0.020 0.20
DDT (multiple) I 0.020 0.20
Diddrin Didldrex I 0.00042 0.0042
Endosulfan-dpha Endoaulfa I

n

Endosulfan-beta I
Endosulfan Sulfate
Endrin Endrex I 20 2.0
Endrin Aldehyde
Heptachlor (same) I 0.0015 0.10 0.015
Heptachlor Epoxide (same) I 0.00074 0.20 0.0074
Lead 15
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Table A-4 continued

Ambient Tap Water
Air
Compound/Chemica Trade Cancer MCLG MCL Cancer
Name Name Use Risk (ppb) (ppb) Risk
(Ppb) (Ppb)
Mercury and 2.0 2.0
compounds
Mercury (elementd)
Methyl Parathion (same) I
Metolaclor Dud I
Pendimethdin Prowl H
Polychlorinated 0.0034 0.50 0.034
Biphenyls
Aroclor 1016 PCBs 0.096 0.96
Aroclor 1221 PCBs 0.0034 0.034
Aroclor 1232 PCBs 0.0034 0.034
Aroclor 1242 PCBs 0.0034 0.034
Aroclor 1248 PCBs 0.0034 0.034
Aroclor 1254 PCBs
Aroclor 1260 PCBs 0.0034 0.034
Sdenium 50 50
Silver and compounds
Toxaphene (multiple) I 0.0060 3.0 0.061
Triflurdin Treflan H
Zinc
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